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IMMUNOGENICALLY ACTIVE FRACTIONS OF BORRELIA BURGDORFERI 

The present invention relates to immunoger.icallv active fracf'c-s 
BcrrslLa b-rgdcrferi spirochetes comprising antigenic polypeptides, 
proteins, giycolipids and carbohydrates -useful for immunization 
against and diagnosis of Lyme disease, a method of preparing the 
immunogenically active fractions, a vaccine comprising an immunogenic 
caily effective amount of one or several cf the immunologically ac- 
tive fractions or a part thereof, a diagnostic agent comprising one 
cr several c: the immunogenically active fractions or a part thereof, 
a DNA fragment encoding an antigenic polypeptide related to the oute: 
membrane protein OspA present in the immunogenically active frac- 
tions, a monoclonal or polyclonal antibody directed against one or 
several of the immunogenically active fractions or antigenic polypep- 
tide, and the use of the fractions, polypeptide or antibody for diag- 
nostic and therapeutic Durooses. 



BACKGROUND 07 THE INVENTION 

Lyme disease is a zoonosis caused by the tick-borne spirochaete 
2. z^rgdcneri (i) . when a susceptible host is bitter, bv an ixocid 
-let:, 5. i-jrzecrferi organisms enter the skin. In humans the initial 
skin manifestation is termed erythema chronicum migrans (ECK) whereas 
a long-standing infection of the skin produces acrodermatitis chro- 
nica atrophicans (2). The zorreiia organisms also enter the circula- 
tory system cf the host and are distributed to various organs, in- 
cluding the brain and joints (2). A secondary spread cf the pathogens 
produces a variety of clinical syndromes, including lymphocytic 
meningoradiculitis (6), myocarditis (5) and chronic arthritis (6). In 
mar.y patients the infection of some tissues, particularly the brain 
and joints, persists for years and can be severely disabling. These 
rorras cf chronic Lyme disease are a consequence of the host's in- 
aciixty to rid itself of the infectious agent and perhaps the deve- 
lopment of an autoimmune reaction (7). 

Diagnosis of Lyme disease has chiefly been .based .on clinical eviden- 
ce. The best marker during the primary stage of infection has been 
cne presence of erythema chronicum migrans (ECM) but these skin ie- 
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sions may not always develop or they may manifesc a - V3ic _ n .. 
Moreover. L.vme disease can be confused „ ich 0 cher iiinessV Carac 
tenzed oy neurologic or arthritic manifestations . Vhen cUr'c-1 
_ -scor.es are incomplete, serologic testing with determination o- 
> antibody titers is the best laboratory method of dia E nosis. ^direc- 
:i 7 6SCenC anCib ° dy (IFC) SCai ^ cests and enzymeliinUed in^uno/ 
sorbent assays (EUSA, are used to detect total immunoglobulins (8) 
or class-specific IgM and IgG antibodies to B . burgdor£erL (9) 

is usually preferred because the orocedures ar. 
10 Hi,.* a Procedures are more easily standar- 

1Z ed and automated and because absorbance values can be statistical- 
ly analyzed to give more objective results (8). 

B. burgdorferi spirochetes are helically shaped, motile cells with 
an outer cell membrane that surrounds a protoplasmic cylinder com- 
_ Pl.x. consisting of the cytoplasm, the cell wall, the inner cell 

- membrane and the fl.g.11. which are Seated not at the cell surface 
but in the periplasms space between the outer cell membrane and the 
protoplasmic cylinder. The outer cell membrane and the f lagella are 
assumed to play an important role in the host-parasite interactions 
aurmg the disease and has been subjected to several investi.ations 

- -„ Clfying »* 3 or surface-exposed proteins as important Imogens ' 

It has been shown that the earliest 1>» a *,-iu n *t 

-i-ies. ig., antibodies rormed against 
antigens of the B . bursao^*-; s ^_.,- n „■,,,.. 

. . * Swtaln B3i ' wnicn "as deposited in the 

American Type Culture Collection in 1983 wi-h ^ 
c n * n iy83 W1 ^ h - he accession number 

~CC -5210. are directed against a genus -specific fla E ellar D olv- 
P-Ptxd. termed flagellin having a molecular weight 0 f\l kd (1 0 ') and 
vnich reacts with monoclonal antibody H972* (22). I gG antibodies are 

8iSO f irSt direCtCd C ° 41 * but with advancine dis- 

ease igG antibodies form against other immunogens . esoecially" 
against two abundant proteins with molecular weights of 31 Wd and 

oLb \TZ T Pr ° CeinS ' VhiCh ^ den0 " d °=P- (31 kd) and 

OspB (3, kd) , have been found to be located at the sTTurg^^. 

s-face and embedded in its outer fluid cell membrane (11) T^osoA 
, ?r : C6in bCen ^ C ° «» variable in its molecular ,,Uht" 

- and in lt reactivity with monoclonal antibody H5332 (12) . whereas 



tne molecular weight of 0s ? 3 proteins from different 3. 
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strains vary and the Osp3 proteins of different strains also show 
varying reactivity with two monoclonal antibodies against Osp3 (K6821 
and H5TS (13). The main variation among OspA proteins is found' be- 
tween isolates from Europe and the United States. 



">n 



30 



Conventional diagnostic tests for Lyme disease have used whole spiro- 
chaetai sonic extracts as test antigens in ELISA to detect antibodies 
to 5. burgdorferi, but this test yields unsatisfactory low diagnostic 
sensitivity (20 to 60X) during the early stage of infection (14) t 
possibly due to a slow and late -appearing antibody response and to 
the inclusion of irrelevant cross - reacting antigens in the whole-cell 
preparations. In addition, the use of whole cells as test antigens 
may result in the occurrence of false positive reactions. For ex- 
ample, among patients with syphilis and in areas where a closely 
related relapsing fever Borrelia spp. co-exist with 3. burgdorferi , 
serologic differentiation of Lyme disease from tick-borne relapsing 
fever is difficult (15). Detection of IgG antibody to B . burgdorferi 
in later stages of infection can help in distinguishing Lyme disease 
from aseptic meningitis, multiple sclerosis, serum negative rheuma- 
toid arthritis, juvenile rheumatoid arthritis, and Reiter's syndrome 
(9). 

Several researchers have focused on isolating flagellin or preparing 
f lagellin-enriched whole cell or fractions for diagnostic agents so 
as to improve diagnostic tests for an early diagnosis of Lyme dis- 
ease. For this purpose, Coleman et al . (15) have obtained 5. burg- 
dorferi fractions by treating whole spirochaetes with the denatu- 
rating detergent sodium dodecyl sulfate (SDS) so as to obtain a pro- 
toplasmic cylinder flagellar (PC) fraction which upon subsequent 
shearing, filtration and dialysis constituted a flagellin- enriched 
traction from which immunogenic polypeptides (flagellin) were eiuted 
and used as antigens in ELISA for IgG and IgM antibodies. The f lagel- 
lin-enriched fraction was reported to be a useful antigen for early 
stage reactivity. Also, Grodzicki et al . (58) discloses fractions of 
3. burgdorferi containing flagellin. 



Hansen et al . (16) describes a method of preparing purified prepara- 
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US 4 , 721 , 617 discloses che use of inactivated vhole S. o,- £do ^ : 
spir.cn.ece, as . vaccine against Lyme disease and brcdl"-"./* 
che concept of using an outer envelope fraction „ r _ 
polypeptides in vaccines but does not distinguish or • 
t- which components to selec t for this purpose ^ " 

E? 252 641 discloses the use of antibodies specific to on. 

antigens of B. b ur gd orf eri . e .g related to th I 

.5. related to the cell wall or cell 
—>.«. of c. organls „. 0sps ^ 0spB m nenci 

n«*l. Tne e„ :loodUs are s „„ d „ be use£ui ^ se 

explained e bove . ^ e nzyTO . u „ ked ..^^ 
a.-sno^s of ^, o^eUosis h „ e b „ n ^ 

■p-^* <s , „ d 5 „. 0ther „ tls „ lc P „ p „, ti ;„; ; v - ; 

z 1 r flaseiun *-< ft * c:i ™*" a — 

flagellm (Id and 58). T heS e test-* • , 

as good -s - he r ■ Sn ° Wed 3 "«i = ivicy almost 

as good aS . ne Cest oased on whole cell antigens and 
ficitv. However these lat- P r - u g"acer speci- 

di ' . . Ct6r C6StS haVe ? rove ° -o«c useful ip the 

oaagnosis or early stages of Lvme disease -la~ellin * 

- ^Snosis of l.„ t sc , ges of L ^ disesse ^ 
connection vi t „ ocher « u „ d ^ specifIclty " 
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rurthemiore. it would be desir-h1 e 

16 c ° ? rov1 ^ individuals such as 
nutans ar.c animals with a broad protection ae-ins- - 

■ wlon ag aln st Lyme aisease bv 
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means cf immunization. The present: invention discloses easiiv ex- 
tracted immunologically active 3. burgdorferi fractions that increase 
the specificity of assays for 3. burgdorferi antibody and are poten- 
tial vaccine components and useful in antibody tests for the immuni- 
5 tation and diagnosis of Lyme disease. 

DESCRIPTION OF THE INVENTION 

The present invention relates to immunologically active fractions B, 
C and E of 3. burgdorferi obtained by the following steps: 

a) lysing 3. burgdorferi spirochaete cells with a mild non-dena- 
10 turating detergent so as to release outer membrane and cytoplas- 

mic components from the cells, and subsequently subjecting the 
iysed cells to centr if ugation resulting in a first pellet com- 
prising cell wall and flagellar components and a first superna- 
tant comprising outer membrane and cytoplasmic components, 

15 bj incubating the first supernatant from step a) under conditions 



sufficient: 



:o precipitate at least part of the proteins of the 



first supernatant followed by centrif ugation so as tp obtain a 
second pellet comprising fraction E and a second supernatant, 

c) subjecting the second supernatant from step b) to filtration and 
20 diaiyzing the supernatant against an aqueous medium with a low 

ionic strength or subjecting the supernatant to ultrafiltration 
so as to substantially remove the mild non-denaturating deter- 
gent and allow 3. burgdorferi derived cell components to preci- 
pitate in the dialysis bag or in the filtrate resulting from the 
25 ultrafiltration, 



d) centrifugating the contents of the dialysis bag or the filtrate 
resulting from the ultrafiltration so as to obtain a third pel- 
let comprising fraction B and a third supernatant comprising 
fraction C. 

From the above general explanation of the background of the invention 
it is evident that efforts have been focused on isolating antigens or 
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cisease. Various techniques for vrevazivz -'rac-ionc ■ ' " 

ed. BO s= of - " ' ' *" c -"" nave o een e »pl 



eps 



T . - oD^ming .rac.ions containing £I a£ -ii ip 

- may seem t<> oe si „ u „ „ pr „. lousl: , . escr . bed fr4 ^. ons ^ 
3^ ^rf.ri. Hovever. the composition „ ( the fMetiw o 

~ steps. „ hlch co „ posIclo „ lt ib further 

-3 been sno™ to pt ovi d e . specificity , ^ ' 

diagnosis o£ Lyme disease vhich is .„,„. .>,.." 

10 sensitivities obtained before ^ s e i " - 
u - , explained in Example 1 an d 5 

-nafte, Fur thermo r e. lB thes . ^ ^ > «-> 

voi.es , steps. „bieh viU b . d „ crlbed ^ 

One s.ep „ th . n ec„o d of obtai„i„ g the fraccions „ f , ' 
» ^ initial , ysis of th . 3. iur ^ ri ^ J - - 

-components .tcaehed Ihere „ >c . substan:iilly releasei 

dl «U a„ d fl ^. lUr co „ one „„ vhercbv frKti()M ^ f iro<> __ 
» £lg .„ic components, which are valuable £or Ut . ,„„ ' 

Lyra disease, ate obtaine d . r„es. eond.-i n „. v -" 

td " 1 ™' "ay be fulfilled bv use 
- a .tin no„. d en.tur.ti„ g decedent vhich. as ,i„ b . desetib.d - 
- ale is preferably a „o„.de„,ru ri „ g , .ater-dialysabi. l v s atlng 
a S «n such as a no„-io„ic. zvitt.rionic ot anionic d.ter g e„t e - 

»«yi.,. D . g i UC op vcanosld . (0GP , Slnce che tasam -^>. 

suostantiaily.fr., tnm flagelUr p _ lM ^ ^ — 
aacttvtty „ic„ entries dieted a s ,it.st fla g ,ii. it0 . och „ 
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--hs 3, c and E contain a „u,b.t of components ot substances dieted 
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co the ourer membrane such as major surface po iypepc ides as well as 
non-protein components such as lipids, giycolipids and carbohvdrates . 
These components may also show immunological activity. 

By the term "flagellar components" is meant components or substances 
5 being part of the fiagella or closely associated with the flagella. 
Especially, the term "flagellar components" covers the immunogenic 
substances which are responsible for the cross - reactivity with an- 
tibodies directed against other bacteria, e.g. the protein, flagel- 
lin, or an antigenic part thereof from Borrelia species. 

10 In another aspect, the present invention relates to immunologically 
active fractions B, C and E of B. burgdorferi spirochaetes , each 
fraction being characterized by a protein distribution pattern re- 
sulting from sodium dodecyl sulfate polyacrylamide gel electrophore- 
sis (SDS-PAGE) under the conditions specified in Example 1 being 

15 substantially similar to the protein distribution pattern shown in 
Fig. 2, which protein distribution pattern is the pattern obtained 
from SDS-PAGE analysis of fractions B, C and E of B. burgdorferi 
spirochaetes of New York strain B31 (ATCC 35210) isolated from the 
tick loxides dammini , the SDS-PAGE analysis being performed as de- 

20 scribed ir. Example 1. 

As will be more specifically illustrated in the following, B. burg- 
dorferi strains of different geographical origin differ in their pro- 
tein profiles. Thus, the proteins contained in fractions B, C and E 
of different strains of S. burgdorferi do not have exactly the same 

25 molecular weight as determined by SDS-PAGE analysis. Furthermore, 

certain proteins identified in fractions B , C and E may be found in 
some 5. burgdorferi strains but may be absent in other strains. The 
immunological activity of the fractions S, C and E are, however, 
believed to be conserved in the different strains, and the proteins 

30 of similar type, e.g. the OspA protein from the S. burgdorferi- strain. 
B31 (ATCC 35210) and the OspA protein from the 3. burgdorferi strain 
ACA-1 (18), are believed to have substantially the same immunological 
properties and have in fact been shown to react similarly with anti- 
bodies raised against the proteins. Thus, the immunological activity 

3; of fractions 3, C and I is (at least partly) believed to be due to 
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-n su oj ec=i„ g ch « _ str , in of b ««- »■ C E obtained 

«u bst a„ci.i id . neltJr . Exaa , ples „ e : h ° d V £ dec - 

— iai identic, are c0 „ parls „ „ f £he o ° — ning 
«m as obtained b> , SDS . pACE .-..^J ^ Utl0 " "*'- 
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Because members of the borrelia genus show common ar.: i eens with one 
another and vith the treponeraes (12)(I2j the problem of immunologic 
cross - reactivity arises when using whole cell preparations in sero- 
logic tests. As shown in Table 2 of Example 1, comparable analyses 
5 for class - specif ic IgG antibody have revealed that fraction B shows 
comparable sensitivity and greater specificity than the whole ceil 
preparation. Furthermore, cross - reactivity with treponemal antibodies 
is minimal. 



Furthermore, in Example 1 it is shown that only 3 of 16 samples from 

10 syphilis patients were positive. In Example 5 it is shown that only 1 
of 13 mononucleosis patients and 2 out of 70 Anti nuclear antibody 
(ANA) sera exceeded the cutoff value, i.e. were positive. These 
results show that use of this fraction, i.e. fraction B, in efforts 
to detect IgG antibody reduces the number of false positive reactions 

15 associated with immune responses to other treponemes . Normallv when 
using whole cells of B. burgdorferi for diagnostic purposes, both a 
serological test for Lyme disease and a diagnostic test for syphilis 
are required in order to be able to determine the false positive 
signals and arrive at the desired, correct diagnosis. This complex 

20 and time consuming diagnosis method is especially necessary when 

employing fiagellin- enriched whole cell diagnostic agents or diag- 
- nostic agents mainly comprising fiagellin as the antigenic component. 
By use of fraction B of the present invention for diagnosis of Lyme 
disease, only one test is required, namely the serological test. 

25 Thus, fraction B of the present invention constitutes a very impor- 
tant and novel tool in the fast and accurate diagnosis of Lyme di- 
sease . 

Fraction E reacts vith a substantial percentage of the sera from 
patients vith Lyme disease, e.g. at least about 85~ of the sera from 

30 patients with Lyme disease. More preferably, fraction B reacts -with 
at least S7X of the sera from patients with Lyme disease, e.g. with 
at least 907. of sera from patients vith Lyme disease. In an especial- 
ly preferred aspect, fraction B reacts vith at least 951 of the sera 
from patients with Lyme disease. At the same time, fraction 3 reacts 

3: vith an insignificant percentage of the sera of syphilitic patients, 
e.g. vith no more than about 20% of the sera from syphilitic pati- 



V\(J VU/U4411 

PCT/DK89/00248 

10 



ents. and preferably ,-ith r.o more cha, 16:. 0 - „. - 

= ic patients. " " 5 rro!r - s /?hiii. 



Fraction B is a fraction which is stili soluble « - ne n - . 
_ Saturating de ter S enc such as for instance OCP ^ r \ ^ ^ 

3 lnCUOaCed a = 56-C *>r 30 minutes, but which is . h 

iuble in water. substantially inso- 

In another aspect, the present invention relates ^ • 
l.v active fraction C of iur , dorferi spi *° ^-logical- 

— is still soluble in the mild ZZZ^T " ^ 3b ° Ve 
' OCP ^-r it has been incubate, at ^'C oT 0 5 ^ ^ " 

substantially soluble in water. "* ^ ^ is 

In a further aspect, the present invention relates - 0 - • 

callv active fraction E of 3 b .. egdeef • . ^^gl- 

above which is substantial! ' noc ' pi " ch -«« « defined 

□ stantiallN not precxpitated by a mild ™« ^ 

"on at 56-c for 30 »!„„„,. P"c lplc . ced „>. lacub> _ 

The immunoloeicallv ar-i^ 

to**,*.*, m *. „„« x: nd £ : a ; c — - •< >■ 

— tt „ 6an chac „ 0 subst2nciai r c ; — t. 

n.m, t such co. P o„ encs is obMint<! . v * th 

sodiu. dodecyl sulfate (SDS) SDS is - Car "" laU > 

bablv Ha " Stron S dec ergent that cro- 

oably denatures important eoitopes and fur- 

the bindin, of anPl - " ^ur.nermore interferes with 

lng ° r anCl Sen to microdilution plates - ^ 

is difficul- m * Plates (1 0 ). ln addition, SDS 

£ICUK Co remove from e. s cell fr=^,' 

nave these aaverse effect. 
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In another aspect:, the present invention relates to immunological in- 
active fractions 3. C and E of 3. burgdorferi spirochaetes of New 
York strain B31 (ATCC 35210), each fraction being characterized by 
the following protein bands (expressed as molecular weight in kilo- 
5 daltons (kd)) in a sodium dodecyl sulfate polyacrylamide gel (con- 
taining 102 by weight of sodium dodecyl sulfate polyacrylamide) after 
electrophoresis at 95-280 V for 5 hours 20 minutes and staining with 
Coomassie brilliant blue R-250 substantially as disclosed herein: 

Fraction B: 20, 21, 29, 31, 34, 39, 59, 66, 68, 85 kd 
10 Fraction C: 40, 70 kd 

Fraction E: 18, 20, 25, 31, 34, 41, 48, 55. 66, 68, 85 kd 

As shown in Fig. 2. the profiles of Coomassie blue -stained proteins 
and of whole cell and fractionated lysates B, C and E of 3. burgdor- 
feri differ. When compared with the molecular weight standards, the 
15 stained gel reveals the surface proteins of 31 and 34 kd (OspA and 
OspB) in fractions 5, E and in the whole cell lysate of S. burgdor- 
feri strain 2591. The presence of OspA in these preparations has been 
verified by imraunob lot ting with monoclonal antibody H5332. Likewise, 

i 

the presence of OspB in the preparations has been verified by immuno- 
20 blotting with monoclonal antibodies H6831 and H5TS . In fraction C 

OspA and OspB were absent. The 41 kd protein of flagellin was absent 
in ail three fractions B, C and E. Thus, the 41 kd protein of frac- 
tion E stated above did not react with the anti- flagellin monoclonal 
antibody H9724 in an ELISA and does not react with fractions 3 and E 
25 and does therefore not seem to be flagellin or a related protein. 

Fraction B also contains other major proteins with apparent molecular 
weights of 20, 21, 29, 39, 59, 66, 68 and 85 kd. 7hs 39 kd protein 
did not react with monoclonal antibody H9724, showing that this is 
not the same as the flagellin antigen. Fraction C contains two pro- 
30 teins with molecular weights of about 40 kd and about 70 kd, respec- 
tively. Four proteins in. fraction B may prove to be of particular 
interest, namely the 21, 55, 66 and 85 kd proteins. Antibodies 
against the 65 and 85 kd proteins have been found in sera from .pati- 
ents with Lyme disease, and these proteins may therefore be important 
3; in the 5. burgdorferi infection, and be potential candidates for 
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•vvaccine ar.c diagnostic ager.t constituents < ~ • 
sis of Lye disease. The 66 kd protein is be ! ie^TiT 
smaller size when whole cell, „f » - ^ Ci63Ved Co £ 



:n wnoie cells of 5. burgcorfe" 
proteases such as trypsin and proteinase K. 



£re incubated vith 



In a further aspect, the present invention reia-P, - • 

weight in kilodaltons (kd)) in - a- Passed as molecular 

ns (Ka)) ln a sodium dodecyl c,,if. ra „ , 
amide gel (containing 15* bv weieht of „• Pol.vcryl- 

ac,vlamide> after , ' ^ T" P ° ly " 

rr: wich coomassie briiua - bi - --:: s :::ia a * d 

closed herein: - dls ~ 



Fraction E: 



». 15. 19. 23. 24. 25. 2£ . 30 . 22. 36. 38. 41 , 7 

50. 59. 68 kd ' 

Fraction C: 14. 32, 36, 52, 68 kd 

Fraction U . 14. 25, 30, 32. 36, 47. 50. 5, kd 

In Che ACA-1 strain, the molecular weight of Os,A is 3 * kd - s c 

flrBed ^ *e monoclonal antibodv H53^ The 

dant protein of molecular weight 36 kd i ■ ' ^ 

ACA 1 t • • ° en0Ced ° SpB of "rain 

" h " Pr0babl> " eqUiVa1 ^ " °«P" -f —in B-31 al- 

chough no immunological cross - reaction could be seen 

H5XS and H6S3L The 41 kd protein in fraction B w J f ^ 

C he 41 kd flagelUn as verified by analysis lt *\"'~ 

body H9724. again,, monoclonal and- 

;;;tr; above - ospA — ^ 110 i«. d from s . ^ do .. 

re., spirochaetes and immunologically defined as ^ m • 
protein in „ hoi e cell lysates and a ' v. 

antibodv H5332 <!*> 0 Z T h ' ^ * m ° n ° CWl 

I0Und C ° '° e m °" C °— ^ than 
OspB. The gene encoding OspA from 3. burgdorferi s-^in m, 

35?im k.«- v , ' 1 s^.ain B3i (ATCC 

in el , "°" ed ^ P """ £ ™- .u=c..d. d 

«■» -cL„ = lde 0! - MW Acco 

r*"-**^ — »w =o . ■>.: tr ._ M : r 
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The D:;a sequence is shown in Fig. 5. The amino acid sequence of OspA 
has been deduced from the DN'A sequence shown in Fie. 5 and is also 
shovn in Fig. 5. The "Knowledge of the aaino* acid sequence opens u? 
for a variety of possibilities which have not, prior to the present 
invention, been possible. These will be explained in detail below. 

In the present context, the term "polypeptide" is used in its conven- 
tional meaning, i.e. as a sequence of amino acids. The amino acids of 
the sequence may optionally have been modified, e.g. by chemical, 
enzymatic or another type of treatment, which does not amend or 
destroy the immunological activity of the polypeptide to any sub- 
stantial extent. The polypeptide may be an entire protein, or a 
subsequence thereof. Especially interesting polypeptides are amino 
acid sequences comprising epitopes, i.e. antigenic determinants 
substantially responsible for the antigenic properties of the poly- 
15 peptide and being capable of evoking an immune response. The minimum 
amino acid sequence is one which at least comprises a relevant epi- 
tope of the polypeptide. 

The polypep tides may be in a substantially pure form. In the present 
context, the term "substantially pure" is understood to mean that the 

2C polypeptide in question is substantially free from other components, 
e.g. other immunologically active components such as 3. burgdorferi 
ceil wall and flagellar components. Preferably, the polypeptides are 
preferably free from 3. burgdorferi spirochaete related components as 
such. Substantially pure polypeptides having the properties describee 

25 herein may be prepared by use of recombinant DNA techniques or solid 
or liquid phase peptide synthesis as will be described in further 
detail in the following. 

In the present context/the term "cell wall" refers to ceil compo- 
nents containing the macromolecule , mucopeptide or pep tidoglvcan 
which is unique to the cell wail of prokaryoces. Mucopeptide is 
formed as a continuous net around the cell membrane, conferring both 
shape and strength to resist osmotic bursting. 

The OspA protein of 3. burgdorferi is further described in Examole 2. 
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sainly on che basis of izs anino acid sequence a 
DNA sequence of che cioneci ospA eene . 



as cecucec frorr. the 



* ° SPB "* ° u " r — «- >™*> «hid. «. encoded ,.. DNa 

o„ B are loc , ttd on 1IDMr pus „ lds Both proceins are 

...est co.pletelv cloved fro. the cell uIth (u 

».ugh it is possible thst 0spi 0sp „ anchoMd m ^ o ^ 

.e.brane of the cell, without si^a! seance a „ d chus 

d.«.d at an. The seou.nee of ths gene „ co<Jl „ g « 

reve.ua <38> and the a„i„o acid seou.nee of 0spB h , s b „„ 

tne basis of the nucleotide s. q „e„ce. By the present invention it 

over.a se q ue»ce identity of 53* has been found. Further it has 
oeen found that substantially th, f„Uoui„ g a.ino acid se,ue„ce is 

common co OspA and OspB: 



L-x-x-x-x-L-x-L-x-L-A-L-I-x-C, wherein 

L is a lysine residue 

A is a alanine residue 

I is a isoleucine residue 

C is a cysteine residue 

x is a non-charged amino acid residue. 



Tne above amino acid sequence scares ac residue 5 in OsoA and ip 
rescue 4 of OspB. The above secuence is expend co be'eommon Co 
other oucer surface proteins of 3. Our ,«orf eri . ALso the predicted 
consensus seouences of the signal sequences of Os pA as well as 0spfi 
are similar. Thus, the following sequence 



L-2-Z-C, wherein 



- and C have che above defined meaning and Z is predominant a 
-11. neucral amino acid, in OspA. isoleucine and alanine, and in 
OspB. isoleucine and glycine, has been found around che peocidase 
cleavage sice of che signal pepcide. This is concemolaced co ac.lv 
ror ocner oucer surface protein, of 3. burgdorferi as veV " ' 
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The hydropathic index and the hydrophilicity profile of the predicted 
OspA sequence as determined by computer analysis according to Kyle e: 
al.. 1982 (20) are shown in Fig. 6 and Fig. 7, respectively. The 
estimated 16 amino acid signal sequence of OspA is highly hydrophobic 
5 and the remaining part of OspA contains several hydrophobic regions. 

OspA has the following N- terminal sequence 

M-K-K wherein 

M is a methionine residue, and 

K is a lysine residue, and a possible candidate for the anchorage of 
10 OspA to the outer membrane. 

The secondary structure of the estimated amino acid sequence has also 
been elucidated by use of computer analysis according to Kyle et al. t 
1982 (20). The results are illustrated in Figs. 9-13. 

As will be appreciated from the above explanation, the most interest- 
15 ing pares of OspA in the present context are the parts being respon- 
sible for the immunological activity of OspA, i.e. the antigenic 
determinants or epitopes. The deduced amino acid sequence of OspA has 
been analyzed so as to reveal possible highly antigenic sequences. 
The following polypeptides are. based on this analysis, contemplated 
20 to be epitopes of the OspA protein: 

Lys -Glu-Lys -Asn-Lys-Asp 
Ser-Lys-Lys -Thr-Lys -Asp 

Lys -Aia-Asp-Lys-Ser-Lys 

and thus contemplated to be capable of evoking an immune response in 
25 animals. 

The polypeptide described above may be produced by recombinant DNA 
techniques, such as will be further explained below, ,o.r by conventio- 
nal liquid or solid phase peptide synthesis. In solid phase synthe • 
sis. e.g. as described by R.3. Merrifield, 1963 (31), the amino acid 
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sequence of any of the above described noiv De .-id-, 

coupling an initial amino acid to a solid si M ' " M -™«««i by 

-y adding the other Mine acids iR , ne j ^ 

-1 Che desired length has been obtained . ^ ..^ ^ ^ 
- de serve as che carrier for the pol ypept id e described ^ 

,MH " P r ParaCi0n bel - preparation of svnt c 

peptides for use as vaccines may be carried s/n.he.ic 
J . 7 ca rned out essentially as Hp 

scribed in Shinnick, 1983 (32). 
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As explained above. one or more of the fractions B C and E of 3 

b ur gdorferi spirochaetes may be obtained bv a method co 

following steps: ' comprising the 

^ lysing 3. burgdorferi spirochaete ceHs vi - h - n-nn 

* s lv - n a mild non-de- 
naturatmg detergent so as to release ou — 

, - ase OULSr memorane and eveo- 

pU«« con, P o„ ents £M the ceUs >nd . . 

«- dl. t o ce„c rifugatlon « sulUns ln . £lrst 1 " S 

comprising cell wall and flagellar rnn. 

i-xageiiar components and a fi rc * - 

— c °™ — — - ™ Sttic c :j::i: c ;: per - 

b) incubating the first supernatant from step a) under cond ,- ions 
sufficient to precipitate at leas- Da ~ k 

pa ' w °~ cae P^ceins of the 
supernatant followed by centrifugation so as to obtain - 
secono pellet comprising fraction E and a second ^Z.' 

O ^-ing /he second supernatant from step b) to filcracion . 

A \ dlaiy21ng ^ -P~t against an aqueous mediu, with 
j ow ionic strength or 2) subjecting the supernatant to ultra- 

in tt S ° 35 C ° SUbS " nCially — ^ non-denaturat- 

in 5 detergent and complex 3. burgdorferi der'v-d ceU com 

in the dialvsis bag or in the . components 

titrate resuitir.c from the ul-ra 
filtration, w^ra- 



d) 
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The 5. burgdorferi spirochaece ceils have preferably been washed 
prior to being subjected to the method of the invention so as zo 
remove impurities and other irrelevant comoonents . 

Although, as stated above, the method of the invention mav seem to 
resemble other know methods of fractionating 3. burgdorferi cells, 
each of the steps of the method has been specifically constructed in 
order to be able to obtain each of the fractions B , U and E of the 
invention. 

Preferably, the mild non-denaturating detergent used in step a) is a 
non-denaturating and water- dialysable detergent. Non- ionic, zwit- 
terionic and anionic detergents have been found to be useful, vide 
Example 2. Specific examples of useful detergents are listed in 
Example I, The effect of the detergent is illustrated in the folio- 
wing with reference to the mild non-denaturating, non- ionic deter- 
gents octyl-0-D-glucopyranoside (OGP) which have proved to be very 
useful. However, the same effect is obtained when using other deter- 
gents of the above mentioned type, e.g. the specific useful deter- 
gents listed in Example 3, and the method of the invention should not 
be understood to be limited to the use of this specific detergent. 
OGP serves to release the outer membrane from the cell, and thus to 
substantially separate the outer membrane from the inner protoplasmic 
cylinder and fiagella. The release of the outer membrane causes lysis 
of the cells. It is believed that the outer membrane components are 
released into the iysed cell suspension curing the OGP treatment 
whereas important immunogenic cell wall and flagellar components are 
substantially retained in the insoluble cell residue. This is be- 
lieved to be one of the important effects of OGP. It is very advanta- 
geous to substantially avoid release of immunogenic cell wall and 
rlagellar components, especially the immunogenic flagellin, into the 
medium as these components are supposed to be responsible for the 
cross -reactivity with sera from patients with other infections than 
these . 



As mentioned above, other cellular components , r.ba« -p rote ins ecv b* 
released or modified by the treatment with OGP . Thus, carbohydrates 
and lipids such as glycoiipids and phospholipids as well as other 
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cellular component may be found in. and isolated £or ,., e _ ..... 

sponsible f„ r or , dd „ .-„. lra , unol lcai ... " 

^ , _ ^ c > ^ - -ne r Tactions 

V """"" in l "« «•»• « - -*« online. ,oov.. 

5 Tn, coitions u„ d er „ h ich the £r . am „ t „ Uh ^ 
d.terg.nc according „ sccp „ £ the metho<j ^ 

» «Up M so ,3 to ensure that che abov. .* P lai„.d. effects o- th. 
treatment ,re obtained Thus. th. t.m P erature ,c vhich the „eac„e„t . 
is c i ouc snould be . tenperacure ac uhich ^ _ 

iu tur.tiug detergent is capable of exerting it-c 

exerting 1Cs membrane releasing 
activity and other activities essential for the frarri • 
., n - . „. . r the fractionation and at 

-nrch th. immunological properties of th. components of the frac-ions 

SUb "*""» 11 ^ r.r instance, the temperature shou ld b. 

- B. „ and E have not lo „ =helr imnologlcal acuvuv ^ ^ ^ 

vnicn viU make the fractions B, C or E useless „« ■' 

active fractions. immunologically 

Preferably. the l ysis „if„ the llld „o„. d e„a E „ r aci„ e d ,terge„t is 
perron ,t te.pcr.tur. i, th. range of about 20-60-c. « temper.. 
■0 tu s ,„o„e aoout ,<rc. the outer membrane releasing capacity o-' the 
no„. d e„at„r.ti„g d .t.rg.„t. e.g. the OGP, is pr.su.ed to be 
r.cuc. d . a„ d also th. proteins ,„ d other cell components mav be d.. 
nature, or .odifi.d .„ that a substantial part of th.ir 
_ «1 activity is lost. A t t.mp.r.tures lov.r than about 20-C th. 
= outer ...bran, releasing activity of the mild non-d.natur.ting 

I™. .... OCP. is believed to be too lov to obtain . sufficient «. 
*as. of th. outer membrane and th. immunologically activ. components 
? - h \ r f """" S - W—r., *• rang, of aocut : 5 -50-c. such as 
.oout 0-,0-C are beli.ve d to be .specially suitable for th. treat- 
»nc of th. B. t^rt.ri spiroeh.etes vith th. mild no„.d.„,=„ r ,. 
--ihg d.t.rg.nt. and a temperature of about 37-C has b.en found to 
result in the desired fractions B , C and E. 

»iso the concentration or type of detergent i„ „,„ lch £ne d „„„, ; u 
— ill. of course, b. of i.p.rtan.e in order to obtain th, ces'ted 
result. Normally, the mild non-denaturating d.t. rMnt <s used ,. . 
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concen:ra:ion in the range of 0.1-22. The use of the mild non-denatu- 
racing detergent in a concentration above about 2.0% will normally 
not serve to enhance the outer membrane releasing capability of the 
OGP and will therefore be superfluous. Concentrations below about 
3 0.U will in most cases not be sufficient to obtain the desired 

release of the outer membrane and components related thereto. Prefe- 
rably, the detergent is used in a concentration of 0.2-1X. 

As stated above, the cells treated with the mild non- denaturating 
detergent are subjected to centrif ugation so as to obtain a pellet 
and a supernatant. Centrifugation has been found to be the easiest 
way of separating the components of the lysed spirochaete cells, but 
other separating methods may also be useful. Thus, such other methods 
should also be understood to be comprised by the present invention. 

The spirochaetes may be preconditioned to the lysis by sonication in 
accordance with conventional techniques and optionally solely be 
subjected to sonication. 



20 



The first pellet obtained by the centrifugation or an equivalent 
treatment comprises mostly cell debris such as cell wall and flagel- 
lar components as well as other subcellular components which have 
been released by treating the cells with the mild non- denaturating 
detergent. Such other components are for instance insoluble or heavi- 
ly insoluble substances or particles such as ribosomes . The super- 
natant resulting from the centrifugation or an equivalent treatment 
comprises mainly outer membrane components such as proteins related 
25 to the outer membrane, e.g. the proteins stated above in connection 
with fraction B, C and E of the investigated B . burgdorferi strains 
and corresponding proteins from other 3. burgdorferi strains. How- 
ever, also carbohydrates, lipids such as glycolipids and phospho- 
lipids, which may have immunological activity, are present in the 
30 supernatant resulting from the separation treatment. 

Subsequent to the separation, the first supernatant is incubated 
under conditions which are sufficient to precipitate at leas t ..part .of 
the proteins of the first supernatant. This is the incubation of st-: 
b) above. One condition which has been found sufficient to obtain 
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desired precipitation is heating of the sut>»- - 

bation of the supernatant is preferablv ca^^- ^ 

CemP€ratUre - " WhiCh P-^Pi-tion is allowed ^Icl^X™ 
such a temperature vill be in the range of about 45-65^ ^ 

ta th3C Pr ° CeinS ^ d - bating coa.ulate Vth" ^ 

precxp.tate obtained in step b ) is believed 

ced proteins. A l so other counts present in che r - s 

Weve, precipitate when being subj ecte d to t^^"' 

At teaperatures above about 65'C. the denaturation of DroCeins is . 
Ueved to be extensive and thus, it is believed th~ ' 

3CtlVe COmP ° nen " ° f Che -Pernatant are destroyed At tewo > 
below 4S°r 1^ • • • ' Al Cem Peratures 

C. tn. prestation 1, believed t „ b . illso! 

"«*"' " * P«^P1«,U„. NotTMllv. tt u JiZ 2 ■ 

incubation is „ rrled ouc „ . ■ 50-60*' . 

5.-C which i« the t.„ P er,t u re nor „,, ly k _ - - « 

«-«.„ , f . „ ld . v , ri „ y of pr „ 8lns ^ ^ h ^ " - 

™ « P rovi d . „ op ti.u, p „ clpUatI<)n of ^^^^ — 



The P rec lpl tate r.suitin, fM th . lncubstion >cco 
subsequent!, separated f „„ t „. supe „, c , nt p „ fe ' » 
tUn is acco Bpl ish.d by e .„ trlt|lfMUn _ bu= ^ "P«- 



the pre- 
the sepa- 
leasc parr of 



The 



estate and the supernatant occurs. The pelUt 
r.cron procedut «. the c.„crifu g ,tio„, CMptUM ^ ^ 

a. components precipitated durl „ 5 the ^ - " 

.boV, defined f „ CClo „ £ of , „ ° ?r "" ^ 

„ a1 , 6 - spirochaere eel 1 c; r 

pellet comprising mrri^ r . eus< 1 

— ic.tion T ^ < "' C "" ,all >' b « '»»J««d to further 

° y ■» „ith , det.r g e„t. such „ sodiuii 

s.rcosmate (S.rkosyl). c.ntrlfug.cion of ch. ,„ cub , ted . * 
» equivalent treat.enc to s.oar-t. th • v ■""ure or ,„ 

, f , "par.ee ch. incubation .ixture resultine i„ 

Wtn p eU,t and a f o„th STO a„t. , nd !ubsequ „, lv dul «" 

ohol. .... MtMDOli „ subjecting ^ „ llrlfllt ... 
S o as to .ubstantian, «„„va the a,« rger ,. The sicoho , u 

Tb... the contacts of tbo .ia iysIs b , g or the 
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from the ultrafiltration may be centrifugatec , resulting in a third 
pellet comprising the purified fraction I. In addition to removins 
the detergent, the dialysis is believed to lead to the formation of 
complexes of components present in fraction E. Anv conventionally 
used dialysis bags or other dialysis equipment as well as ultra- 
filtration equipment may be used for the removal of the detergent and 
the optional complex formation of certain of the components contained 
in the dialysis bag or filtrate. Preferably, when the - detergent-remo- 
ving agent is an alcohol, dialysis is employed for the removal of 
the alcohol. An example of a suitable dialysis bag is the one employ- 
ed in Example 1. For the ultrafiltration, a membrane which has been 
found useful is one having pores, i.e. cut-off value, of substantial- 
ly the same size as the pores of the dialysis bag, e.g. a pore size 
or cut-off value in the range of about 2,000-15,000, such as about 
3 ; OO0-8.00O and preferablv of about 5,000-6,000. 
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The second supernatant resulting from step b) of the above method is 
subjected to filtration so as to remove insoluble particles and avoid 
contamination before ultrafiltration. If the preceding centrifugat ion 
has been very effective, this filtration step may be omitted, but in 
most cases, the mixture subjected to the preceding centrif ugation 
contains particles or other components which may not be spun down to 
any suitable extent during the centrif ugation treatment and there- 
fore in these cases, the filtration is required. The resulting fil- 
trate is suitably dialyzed against an aqueous medium with a low ionic 
strength or subjected to ultrafiltration. The low ionic strength, 
e.g. an ionic strength below 0.3M is believed to be required so as to 
substantially avoid interference of the ions of the aqueous medium 
with the detergent which would lead to an incomplete removal of the 
detergent. Preferably, the ionic strength is below 0.2M such as below 
0.1M. The dialysis serves the purpose of substantially removing the 
mild non-denaturating detergent, and it is also believed that some of 
the =. burgdorferi derived cell components are precipitated when the 
detergent is removed. 

The aqueous medium against which the dialysis Ls carried out is pre- 
ferably water. The water may be distilled, sterilized, deionized or 
may be simple tap water, e.g. containing various ions such as cal- 
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response in animals, including humans, to which the equivalent polv- 
peptide has been administered, e.g. as a constituent of a vaccine or 
a diagnostic agent, which iaunune response is similar to the immune 
response evoked by the OspA protein. Thus, equivalent polypeptides 
: are polypeptides capable of conferring immunity to Lyme diseases. 

The DNA fragment encoding OspA or a part thereof may be subjected to 
mutagenization, e.g. by treatment with ultraviolet radiation, ioni- 
zing radiation or a chemical mutagen such as mitomycin C, 5-bromoura- 
cil, me thylme thane sulphonate, nitrogen mustard or a nitrofuran so as 
to alter some of the properties of the gene product expressed from 
the mutagenized sequence substantially without amending the immunolo- 
gic activity of the gene product. Especially, site -directed mutagene- 
sis or directed mutagenesis is useful. 



Preferably, the DNA fragment according to the present invention 
15 substantially comprises the DNA sequence shown in Fig. 5 or a part 
thereof. As explained above, the DNA sequence shown in Fig. 5 is 
believed to be the sequence encoding the 31 kd OspA protein of 3. 
burgdorferi of the New York strain B31 (ATCC 35210). The DNA fragment 
shown in Fig. 5 further contains the 5 prime -end flanking . region of 
20 the ospA gene . 

The DNA sequence shown in Fig. 5 is discussed in detail in Example 2 
herein. 

The DNA fragment of the invention may be one which has been modified 
by substitution, addition, insertion or deletion of one or more nu- 
25 cleotides in the sequence for the purpose of establishing a sequence 
which, when expressed in a suitable host organism, results in the 
production of a protein or polypeptide with a substantial similarity 
to the OspA protein or a polypeptide part thereof, which has the 
desired immunological activity. 

30 Especially interesting DNA fragments are fragments which encode immu- 
nologically active parts of OspA, i.e. the antigenic determinants or 
epitopes of OspA. Thus, the DNA fragments encoding the polypeptides 
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sue z His and other types of microorganisms such as veascs or fund o- 
other organisms conventionally used to produce recombinant DNA pro- 
ducts may be used. 

Another type of organism which may be used to express OspA or a oart 
thereof is a higher eukaryotic organism or cell, including a piar.t 
and mammal cell. However, also higher organisms such as animals, e.g. 
sheep, cattle, goats, pigs, horses and domestic animals, including 
cats and dogs, are contemplated to be useful as host organisms for 
the production of OspA or a part thereof. When a higher organism, 
e.g. an animal, is employed for the production of OspA or a part 
thereof, conventional transgenic techniques may be employed. These 
techniques comprise inserting the DNA fragment shown in Fig. 5 or 
one or more parts thereof into the genome of the animal in such a 
position that OspA or parr thereof is expressed together with a 
polypeptide which is inherently expressed by the animal, preferably a 
polypeptide which is easily recovered from the animal, e.g. a poly- 
peptide which is secreted by the animal, such as a milk protein or 
the like. Alternatively, the DNA fragment of the invention could be 
inserted into the genome of the animal in a position allowing the 
gene product of the expressed DNA sequence to be retained in the 
animal body so that a substantial steady immunization of the animal 
takes place. 

when a microorganism is used for expressing the DNA fragment of the 
invention, the cultivation conditions will typically depend on the 
type of microorganism employed, and the skilled art worker will know 
which cultivation method to choose and how to optimize this method. 

The production of OspA or a part thereof by recombinant techniques 
has a number of advantages: it is possible to produce OspA or part 
thereof by cuituring non-pathogenic organisms or other organisms 
which do not affect the immunological properties of OspA or part 
thereof, it is possible to produce OspA in higher quantities than 
those obtained when recovering OspA from any of the above described 
rractions 3, C and Z, and it is possible to produce parts of OspA 
which may not be isolated from B . burgdorferi strains. The higher 
quantities of OspA or parts thereof may for instance be obtained bv 
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Also, a vaccine comprising an immunogenically effective amount of one 
or more of the proteins present in any of the fractions B, C and E 
described above may be of interest. Thus, a vaccine comprising the 
20, 21, 29, 31, 34, 39, 59. 66, 68, 85 kd proteins of fraction B , 
5 the 40, 70 kd proteins of fraction C, and the 18, 20, 25, 31, 34. 41 
48, 55, 66, 66, 85 kd proteins of fraction E may be of interest. It 
is contemplated that a vaccine comprising the polypeptides with mole- 
cular weights of 55 and 85 kd of fraction B as well as of 31, 34 and 
66 kd may be of particular interest as these proteins have been found 
10 to give rise to a suitable immune response. Also, antibodies against 
the polypeptides with a molecular weight of 55 and 85 kd have been 
found in sera from patients infected with B . burgdorferi strains, 
indicating that these proteins exert an immunological activity. The 
molecular weights of the proteins given above are the molecular 
15 weights of the proteins isolated from the B . burgdorferi strain B31 

(ATCC 35210), and proteins isolated from other B. burgdorferi strains 
corresponding to these proteins, although not having the same molecu- 
lar weights, are of course also interesting as vaccine components. A 
vaccine comprising one or more of the polypeptides described above, 
i.e. OspA or parts thereof, in combination with one or more of the 
proteins described above may be especially useful. Also, vaccines 
constituting one or more of the polypeptides described above and 
immunologically active components from other organisms may be de- 
sirable . 

The immunologically acceptable carrier or vehicle being part of the 
vaccine may be any carrier or vehicle usually employed in the pre- 
paration of vaccines. Thus, the vehicle may be a diluent, a suspen- 
ding agent or other similar agents. The vaccine may be prepared by 
mixing an imraunogenicaily effective amount of any of the fractions 5, 
C and E, the polypeptides defined above, one or more proteins of the 
fractions or a combination of any of these with the vehicle in an 
amount resulting ir. the desired concentration of the immunogenically 
effective component of the vaccine. The amount of immunogenically 
effective component in the vaccine will of course depend on the 
animal to be immunized, e.g. the age and the- weight of the animal, as 
well as the immunogenic ity of the immunogenic component present in 
the vaccine. For most purposes, an amount of the immunogenic cocipo- 
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obcarned in , substantially pure for. which is very desirable fir 
vaccine purposes. 
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When process or other immunogenic,!^ active component, present in 
any of tractions B, C and E are employed as vaccine constituents 
these may advantageously be recovered fro. the fractions bv any ' 
conventional method, e.g. , .ethod in which ,„ cl bodies. preferably 

■""J a " Clb0di "- *■ ~> «r other i_JL. 

gically acdve components of fractions B , c and E arc W.MlU.d to 
* matrix, the matrix is contacted with the fraction B, c o*" c .„ 
question, washed, and finally the antigen-antibody co.plex'frxed to 
the .atrrx is treated so as to release the S . „ur,dorre.-i reUt.d 
proteins or other immunological^ active components in a purified 
or.. A preferred way is to isolate the ouredorferi related pro- 

flZ o 7" " 1U ° n a " lnlCy '-iving antibodies 

tixed to the column matrix. 

° th " 1'?°*"" lnvolvlns v " ious £ "? s ° f afti -^ 

Sraphy. gel fixation, ion exchange or high performance liouid enro- 
.atograpny (HPTC) , may be employed. 
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Alternatively, preparative electrophoresis procedures may be employ- 
ed. Thus, fractions B. C or E are subjected to a gel electrophoresis, 
such as a sodium docecyl sulfate poiyacrylamide gel electrophoresis 
(SDS-PAGZ) or an agarose gel electrophoresis. Conveniently, two 
parallel gels are run. One of the gels is stained and analyzed by 
visual inspection, and the location of the desired protein bands on 
the gel is found. The corresponding protein bands on the other un- 
stained gel are then cut out of the gel. The protei-n-containing gel 
parts are treated so as to release the 3. burgdorferi proteins from 
the gel, such as procedures involving slicing up the gel and subse- 
quent elution of 3. burgdorferi related proteins. 

The vaccine may further comprise an adjuvant in order to increase the 
immunogenic ity of the vaccine preparation. The adjuvant may be se- 
lected from Freund's complete or incomplete adjuvant, aluminum 
hydroxide, a saponin, a muramyl dipeptide, an iscome and an oil, 
such as a vegetable oil. e.g. peanut oil, or a mineral oil. e.g. 
silicone oil. 



In some cases it may be advantageous to couple the immunogenic compo- 
nent^) to a carrier, in particular a macromolecular carrier. The 
carrier is usually a polymer to which the immunogenic component (s) 
is/are bound by hydrophobic non-covaient interaction, such as a 
plastic, e.g. polystyrene, or a polymer to which the immunogenic 
component(s) is/are covaiently bound, such as a polysaccharide, or a 
polypeptide, e.g. bovine serum albumin, ovalbumin or keyhole limpet 
25 hemocyanin. The carrier should preferably be non- toxic and non- aller- 
genic . The immunogenic component(s) may be multivalently coupled to 
the* macromolecular carrier as this provides an increased immunoge- 
nicity of the vaccine preparation. It is also contemplated that the 
immunogenic component (s) may be presented in multivalent form by 
polymerizing the immunogenic component (s) with itself. 
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In this regard, it may prove advantageous to couple the immunogenic 
component to the carrier together with one or more immunologically 
active molecules obtained from organisms other than 3. burgdorferi so 
as to obtain a vaccine comprising a variety of different immunogenic 
35 determinants, being a cocktail vaccine, which may be employed for the 
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immunization against diseases caused by other organisms. . ? or . 
nisms responsible for relapsing fever or syphilis. = **' 

In another embodiment, a mixture of two or more single vaccines may 
be employed. " * 

5 It is known that antibodies raised against B. burgdorferi o- parts 
thereof evoking an immune response have a rather " short Uf .. lne in 
sera of animals and humans. Thus, a suitable strategy for immuni 
annals and humans against Lyme disease is to periodically administer 
the vaccine described above to individuals subjected to contact with 
tick, bearing B burgdorferi. It is contemplated that vaccination 
once a year such as in the springtime will provide a suitable protec 
-on of individuals in risk of burgdorferi infection. * su-: -able 
cose of immunogenic components for such a vaccination is 5-500 Pg 
However, also more irregular immunizations may be advantaeeous and 
any immunization route which may be contemplated or shovn\c reduce 
an appropriate immune response can be employed in accordance with the 
principle of the present invention. Suitable administration forms of 
the vaccine of the invention are oral administration forms . g 
tablets, granules or capsules, subcutaneous, intracutaneous o~ in- 
tramuscular administration forms or forms suitable for nasal or 
rectal administration. 
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As stated above, recombinant DNA technologies are useful ~- 
preparation of diagnostic reagents and vaccines. Routine me^ds fo ~ 
vaccine production involve risks of obtaining unwanted side .*,. c -,' 
e.g. due to the vaccine containing unwanted (or even unicer-^ ed ) ' 
contaminants. An alternative approach to the production of new vac 
--in,, involves the inssrzicn of ong Qr ^ ^ 

mg one or more parts of the DNA sequence shown in Fig. 5 c- .arts 
thereof into a virus genome, e.g. into a retrovirus, vaccina' -irus 
or Epstein-Barr virus genome, to produce a polyvalent v.ccir* An 
especially interesting virus for the present puroose is vaccinia 
Also. S yn theC i c polypeptides which have been prepared by conventional 
-echoes, e.g. by solid or liquid phase peptide synthesis, are sui- 
table for vaccines. 
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In a further aspect, the present invention relates to a non-pathoge- 
nic microorganism which carries and is capable of expressing an in- 
serted nucleotide sequence which is the nucleotide sequence shown in 
Fig. 5 or part thereof for use as a live vaccine for the immunization 
5 of an animal against Lyme disease. For instance, the use of a live 
vaccine might be advantageous since it is presumed that vaccines 
based on living organisms show an excellent imraunogenicity . and it is 
also contemplated that the use of a live vaccine will confer a life- 
long immunity against Lyme disease so that repeated vaccination will 
10 not be needed. 

In a particularly advantageous embodiment of the live vaccine of the 
invention, the DNA fragment of the invention is expressed on the 
outer surface of the host microorganism. This provides a favourable 
presentation of the immunologically active part(s) of OspA recognized 
15 by the immune defense mechanisms of the animal to which the live 

vaccine is administered, thus provoking an appropriate immune respon- 
se. One way of providing the expression of OspA or immunologically 
active part(s) thereof (the epitopes) on the cell surface is to fuse 
the DNA fragment of the invention to another nucleotide sequence 
encoding a surface protein or a subsequence thereof (e.g. a signal 
peptide) which cause the 3. burgdorferi epitopes to be expressed on 
the outer surface of the host cell, optionally as a fused polypep- 
tide. Examples of useful surface proteins are adhesins, fimbrial 
proteins, or other extracellular proteins. 
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The microorganism used for live vaccines should be a non-pathogenic 
microorganism, e.g. a non-pathogenic £. coli , which may be able to 
establish itself in the animal body. A microorganism which may prove 
especially useful as a live vaccine may be the 3. burgdorferi in 
itself, which as explained above inherently expresses OspA on the 
surface of the cell. The use of B. burgdorferi for a live vaccine 
requires, however, that the B . burgdorferi has been altered so as to 
not cause any illness vhen used as a live vaccine. This alteration or 
modification may be carried out in any suitable manner, e.g. by 
mutagenitation, chemical, enzymatic or heat treatment, or by another 
equivalent treatment resulting in an attenuated B . burgdorferi cell. 



of frac- 
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vhich allows detection of Borrelia specific antibodies of these 
geographical origins. If the diagnostic agent comprises fractions of 
sufficiently varied geographical origins, it mav be possible to 
detect Borrelia-specif ic antibodies regardless of the origin of the 
5 infecting bacteria. 

Any of the fractions B, C or E of B. burgdorferi or the immunologi- 
cally active components therein, e.g. the immunologically active 
proteins, carbohydrates, or lipids, or OspA or immunologically active 
parts thereof for antibodies raised against these immunologically 
10 active fractions or components may.be used as diagnostic reagents for 
the determination of the presence of B . burgdorferi . As will be 
apparent to a person skilled in the art, several techniques may be 
applied in connection with such diagnostic reagents. Thus, preferred 
embodiments of the invention are based on immunological reactions 
15 between antigens and antibodies, detection of said reaction and 

correlating the results obtained with results from reference reac- 
tions. Preferred assays of the invention are enzyme immunosorbent 
assays such as enzyme linked immunosorbent assays (ELISA) , radio 
immuno assays (RIA) , immuno electrophoresis assays and the like. 

2C The ELISA and RIA methods are well established and may be carried out 
with existing laboratory equipment and may also be subjected to auto- 
mation. The methods of the invention therefore have wide applicabili- 
ty in clinical laboratories for diagnostic purposes and for monitor- 
ing the results of vaccination procedures, and in the pharmaceutical 
25 industry as an assay for immunogens to be used in the production of 
vaccines . 



The term "sample" applies to any material to be tested for the pre- 
sence of S. burgdorferi and related components, e.g. immunologically 
active components present on B . burgdorferi as well as antibody 
raised against these components. Preferably, the sample constitutes 
part of a living organism such as a human or an animal and mav be an 
anthropod tissue, e.g. an ixodid tick tissue. The sample may be anv 
sample obtained from a human or an animal cavity containing B. burg- 
dorferi cells or components thereof. Thus, the sample mav be selected 
from body tissues or body fluids such as blood, serum, urine, cere- 
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orospinal fluid, joint fluid. and pericardial fluid. Also suspensions 
and homogenates of cell .issues are included in the definition of 
sample tissues such as ixodid tick cissues . £xaffi?les Qf 

_ are skin parts from the infected organism and sables fro. ch . , aro _ 

3 dontal region of the infected animal. 

The identification and/or quantification of B . tur gdorferi an tibodies 
present in a saxnple as well as of ideologically active parts of B 
turjnorf.rl or B burgd orferi cells may be performed according to the 

10 LTl" ^T^ ^ ^ ^ ^ id6ntifiCati - «-/-r quantification 
10 evolving these B. b ur gdor feri related components. Thus, both a 

qualitative and a quantitative determination of B. burgdorferi re 

lated components may be obtained according to the present invention 

The xdentification and/or quantification may be performed for both a 

scientific, a clinical and an industrial purpose. 

15 Although in some cases such as when the diagnostic agent is to be 

-Ployed in an agglutination assay in which solid particles to which 
the antigen is coupled agglutinate in the presence of a 3 . au^or 
xer, antibody in the sample subjected to testing.. no labellin/of the 
monoclonal antibody is necessary, it is pre fe rr ed for most 0 ur D oses 
- provide the antibody vith a label in order zq ^ ^ ^ 
oody. m a double antibody ( .. sandwichB) assayi at , eas= o _ ^ 
antioodies may be provided with a label. 

The substance used as label may be selected from any substance which 
i. detectable in itself or which may be reacted with another substan- 
ce Co produce a dececcable producc _ iabei ^ ^ seiec ^ d 

rrom radioactive isotopes, enzymes, chromophores . fluorescent or 
cnemiluoinescent substances, ar.d cosplexing agents. 

Examples of enzymes useful as labels are 0-galactosidase urease 
glucosidases. glucose oxidase, carbonic anhydrase . peroxidases ,e g 
horseradish peroxidase), phosphatases (e.g. aikaline or acid 
-se). glucose-6-phosphate dehydrogenase, murinase and ribonuciease . 

EBJMS m n °' C ^ th «»lv« detectable, but must be combined with a 
substrate to catalyze a reaction the end product of which is detect- 
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able. Thus, a subs trace may be added to the reaction mixture resul- 
ting in a coloured, fluorescent or chemiluminescent product or in a 
colour change or in a change in the intensity of the colour, f luore - 
scence or chemi luminescence . Examples of substrates which are useful 
5 in the present method as substrates for the enzymes mentioned above 
are H 2 0 2 , p-nitrophenylphosphate , lactose, urea, fl-D- glucose , CO2 , 
RNA, starch, or malate. The substrate may e.g. be combined with a 
chromophore which is either a donor or acceptor. 

It has been found that labels of non-animal, including non-human 
10 origin, are especially useful in the detection of B . burgdorferi 

antibodies, as these labels are not naturally present in the animal 
or human sera to be tested. When using substances naturally present 
in animal or human serum as labels, e.g. using alkaline phosphatase 
as a label, these substances of serum origin may contribute to the 
15 signal obtained in the determination employing these substances as a 
label and thus result in a value which is too high for representing 
the amount of bound antibody from the sample. Thus, labels of plant 
origin have been found to be very useful, e.g. labels comprising 
plant peroxidases, such as horseradish peroxidase. 

20 Fluorescent substances which may be used as labels for the detection 
of the components as used according to the of invention may be 4- 
methylumbelliferyl- phosphate , 4 - me thy lumbell if ery 1 - D - galac topyr ano - 
side, and 3- (p-hydroxyphenyl) propionic acid. These substances may be 
detected by means of a fluorescence spectrophotometer. Chemi iumine - 

25 scent substances which may be employed are peroxidase/eosin/EDTA, 
isoluminol/EDTA/H202 and a substrate therefor. 

Chroaophores may be o-phenylenediamine or similar compounds. These 
substances may be detected by means of a spectrophotometer. Radio- 
active isotopes may be any detectable isotope which is acceptable in 
30 a laboratory, e.g. 125 I, 131 I, 3 H, 35 P, 35 S or i4 C. The radioactivity 
may be measured in a 7-counter or a scintillation counter. 

Complexing agents may be Protein A (which forms a complex with immu- 
noglobulins) , biotin (which forms a complex with avidin and strepta- 
vidin) , and lectin (which forms a complex with carbohydrate deter- 
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minancs. e.g. receptors). In this case. che compiex lf n<j . , 
dir.ctly detectable, necessitating labelling of the substance v«"-V" 
which tne complexing agent forms a complex. The marVi- 
formed with any of the labelling substances described' abc 
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De pe: 

aove . 



in an *„ b „ dl „, ent of th. l„ve„ ti . n . the dUsno „ u agenc 

.n i-^lojlcllj, ,ctlv. component of 3. turgor/ e ri vhioh 1, ' 
coupled „ . brld8ln6 „ upUd „ a soUd _ 

me .oUcula. v hlch is designed „ ^ ^ ^ ^ 

^logically acciv* coop„„a„ ts »a y be „vdr. 2 i de , p rotel „ , glu . 
taraldehyde, carbodiimide , or lysine. 

The solid support employed in the diagnostic agent of the invention 
- e.g. a polymer or it may be a matrix coated with a poller The 
matrix may be of any suitable solid material, e.g. gla SS / paper or 
Plastic. The polymer may be a pl asCic , ce ll ulose such flS lp . cUUv 
created paper, nitrocellulose paper or cyanogenbromide -activated ' 
paper. Examples of suitable plastics are latex, a polystyrene, polv- 
vxnylcruorid.. polyure thane , polyacryiamide . poiyvinviacetate and .„«• 
suitable copolymer thereof. Examples of silicone polviEers t ' 
siloxane. 



The solid support may be in the form of a tray, a .late such as a 
-icrotltr plate, e.g. a thin layer or. preferablv'. strip *ii P 
threads, solid particles such as beads, including Protein A-coa^ed 
£3 bacteria, or paper. 
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In another aspect, the invention relates to an antibocv which is 
raised against or directed substantially only against 'a surface 
antxgen as specified above which, as its major imn.uni.ing comoonen- 
comprises a determinant of the OspA polypeptide or an immunological ' 
active subseouence thereof <Zm^u ~ 

tnereo.. Such an antiooay may be a oolvcional or 
monoclonal antibody. 
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For purposes not requiring a high assay specificity, the anribodv may 
be a polyclonal antibody. Vhen a higher specificity is desired, the 
antibody is preferably a monoclonal antibody. Usually, the use of a 
monoclonal antibody provides a higher precision and accuracy of the 
- f assay, at the same time possibly requiring less time to perform. A 

mixture of two or more different monoclonal antibodies may be employ- 
ed as this may increase the detection limit and sensitivity of the 
test. The monoclonal antibody may be obtained by use of conventional 
techniques, e.g. as a result of fusing spleen cells from immunized 
mice (such as Balb/c mice) with myeloma cells using conventional 
techniques (e.g. as described by Dalchau et al . , 1980 (33)). The 
fusions obtained are screened by conventional techniques such as 
binding assays. Antibodies possessing high affinity may be selected 
for catching techniques. 

Polyclonal antibodies may be obtained by conventional techniques, 
e.g. by injecting the B . burgdorferi preparation into an animal, pre- 
ferably after the addition of a suitable adjuvant such as Freund's 
incomplete or complete adjuvant. Vhen the immunogens are protein- 
containing fractions from 5. burgdorferi spirochae tes , the animals 
may be rabbits, mice etc. The animals are bled regularly, for in- 
stance at weekly intervals, and the blood obtained is separated into 
an antibody containing serur. fraction, and optionally said fraction 
is subjected to further conventional procedures for antibody purifi- 
cation, and/or procedures involving use of B . burgdorferi fractions. 

The antibody used in the present method is preferably in substantial- 
ly pure form, e.g. having been purified according to suitable techni- 
ques, in order to improve the precision and/or accuracy of the assays 
of the invention. 

In a further aspect, the present invention relates to a method of de- 
termining the presence of the 3. burgdorferi antigen in a sample 
which method comprises incubating the sample with the antibody de- 
fined above and detecting the presence of bound antigen resulting 
from the incubation. The antibody may be provided with a label as 
explained above and/or may be bound to a solid support as exemplified 
above . 
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The detection of ourrdorr..-; antigens in . ^ ' 

out by using S o»e of Eb . „. u k „ om ?rlnelolM ^ _ " 

cochins, copecltiv, ,„d double enzye linked in.unosorber-'aslav 

invent! a ". lnhiMCl °" * PUri "« P.WI-. Preparation of ' che 

invention i s attached to a solid support (. , , „„, 
titer t™v «, . , S ' P ol y"yrene nicro- 

titer tray,, the test solution to be ..asured is mlxed vlch specific 
re e .... e g ^ TOibad(M ^ ^ pMsent !c 

» is „ ls incubited „ lth the solM ^^^^ 

the polypeptide preparation as ..ntioned above. After sufficient 

washrng. enzye-labelled antibodies are added, and finally en:™ 

strata s appU.d. Por further detailed infor.ati.n of the £„. 
c es lo yad i n ElISA cechnioues. see for instance Volier e ,1 



Hor. specifically, the -ethod cf detecting ». our^feri antigens 
firs, antibody, e.g. a .onodon.l antibody as described above which 

"boT " ; ~ " b ~^ • -cond'an 

tlbody. e.g. of th . ^ des „ ibed vhuh ^ 

rov.ded with a label. ». solid support and the label .ay be f he 

uypes mentioned above. 

In another e.bodi«„t. the detection of * . bu re d orf eri antigens in a 

a-ple „,y he perform by incubating the s„pi. „ lEh „ 
..g. o. the type described above. whi ch is coupled tc , solid sup-' 
pott, and subsidy with Osp A or ,„ i m „„o loglc , lly accIve 
hereof bein, provided with , labei. AUernacively. the antibo y 

H " T J" 1 " ^ - •* tractions 

' ™° ° f UMch £t " :i O" °™ « .ore i™„„„loeic,Uy ,c-iv. 
components are provided with , label. The l.bei the „ lu _ 
»ay be of any of the types described above. 

^ in" m *T" 1Ve "" h0d ° f d """ lnlnS S ' ««.«. 
» s^ple. the sa.ple is incubated with OspA or one or .or. il no . 

o 8 cally active parts thereof which is/are coupled to a soUd._. 

Port and then incubated with , suitable antibodv t,ovided „.-,"." 

■■>•-. e.g. of the type described above. The .ethods discussed above 
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may be employed for detecting 3. burgdorferi antigens in any sample, 
e.g. in any of the samples discussed above. 



In a further aspect, the present invention relates to a diagnostic 
agent for the detection of 3. burgdorferi infection in humans and 
5 animals, which diagnostic agent comprises a DNA sequence which is 
homologous to a DNA sequence encoding an immunologically active 
component of 3. burgdorferi . 



The DNA sequence may be a sequence which encodes any of the immunolo- 
gically active components of B . burgdorferi . Thus, the DNA sequence 

10 may be the sequence encoding one of the immunologically active pro- 
teins contained in any of the above described fractions B t C and E of 
3. burgdorferi, e.g. a DNA sequence which encodes an immunologically 
active outer membrane protein from 3. burgdorferi . Preferably, the 
DNA sequence is the sequence encoding OspA or a part thereof, which 

15 sequence is shown in Fig. 5 and described above. 

The diagnostic agent comprising a DNA sequence may be used for the 
detection of 3. burgdorferi infections in humans and animals by use 
of . a method which comprises reacting a sample from the human or the 
animal with the diagnostic agent comprising the DNA fragment and 
20 detecting the presence of homologous DNA in the sample. The DNA 

fragment for this detection may be the DNA fragment shown in Fig. 5 
or a part thereof. 

The DNA fragment used for this purpose may be provided with a label, 
e.g. a label of the type described above and may be coupled to a 
25 solid support, e.g. of the type described above. 



In a particular embodiment of the invention, diagnosis of 3. burgdor- 
feri infection in humans or animals is performed by use of a DNA 
probe, and the polymerase chain reaction procedure described by Ran- 
dall et al., 1985 (21), Randall et al . , 1988 (53), and Stoflet et 
al., 1988 (54) may be employed. The polymerase chain reaction (PCR) 
is a procedure used for the amplification of DNA present in a sample. 
The procedure involves the use of two oligonucleotide primers which 
flank the DNA segment to be amplified. The oligonucleotide primers 



V\ 0 90/04411 

PCT/DK89/00248 



AO 



ma v chu_ 



-y .... comprise the fusing resIo „ s of che ^ ^ ^ 
be usee co » pU f y che os;M gene preser; ln a ^ 
ucieocioe pci„„ s h y bri d ice co opposu, s = rands of =he „„, 

be *»» U£ »<=- the p rin ,e rs are e Kt e„aeo b y usin . , ' 

5 se <= - r'r,= vi - usl n& DNA polvmera- 

' ^ Kl6nOW "*S*ent of £. coLi DNA polymerase I or ' 

^i DNA po ly ,_e su ch as th e DNA poU^ s T ^ 
th.sice . — which is co. pl e„e„c„ y c. che DKA s.o.en co 

^ the PtiTO ,ce ™ llei . Sub « qU e n c t o che ay „ch.sis of e 
co„ pl e»e„c ary se ,ue„ce s . t he DNA synch.si^ is d e natu „ d . g J~ 
he a c lng . f„„ Che ..p„ehC DNA scrips-. , nd cha p „ ent 
«1 *s the „e„ ly s:m chesi Z e d DNA scci„ S s ara subjeccea „ 

I : n :.r u : In chis — i < is - . 

^ Uf '"tio„ of specific DNA seouences „hich m p „. M . 
- I and und ececc, bl e a„o OT cs of DNA sconces p reS e„c J. sa „p lt 

v hl h p™. 1o th . ptesenc cont _ is used ss an indlcatlo ; of 

5. burgdorferi infection. 

20 Zl PreSent inVenti ° n ^ bC fUrth6r deSCrib6d reference to 

20 che acco.pan.vxng drawings and the following Examples. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invehCion I. furcher .Ucioseo i„ che foUovihg ^ r . t . r . M . 

Oie drawings in which " 

25 I 16 ' 3 fl ° V diaSraiD ° f ^ Pr ° CedUre f ° r iS01 "- ot frao 

2^ F ° f rne procedure is described in 

aecail ln Example 1. The following abbreviations are used- 0G- 

occ y i-,. glucopvranoside; sarcosyl: sodium iauryi sarcosinate ; Meou 

10 WaC6r: SDS: S ° di - sulf.ee. The numbers re^e- 

to incubation temperatures in °C. 
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Fig. 2 shows the result of a snq Pirr , i 

blue ^i, H - yS1S ° f Coonla "ie brillian: 

■•blue ^ £1 ^ d proeetlB Qf whole . cen fracc . onaced ivsaces Qf a 

^orreri strain B31 (ATCC 35210). Molecular weights' (xlOOO) are 
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shown to the right. Lane I is fraction 7 , lane 2 is I , lane 2 is D 
lane 4 is C. lane 5 is B. lane 6 is molecular weight standards, and 
lane 7 is whole -cell 5. burgdorferi Connecticut strain No. 2591. The 
SDS-PAGE analysis is described in further detail in Example 1. The 
gel was run for 5 hours and 20 minutes at 95-280 V. The acrviamide 
concentration was 10X . 



Fig. 3a shows the result of a SDS-PAGE analysis of Coomassie brilli- 
ant blue- stained proteins of fractionated lysate of B. burgdorferi 
strain ACA-1 (2). Molecular weights (xlOOO). are shown to the right. 
10 Lane 1 and 5 are molecular weight standards, lane 2 is fraction E, 
lane 3 is fraction C, and lane 4 is fraction B. The gel was run for 
15 hours and 15 minutes at 74 V. The acrylaraide concentration was 
152. 



Fig. 3b shows the result of s comparative SDS-PAGE analysis of Coo- 
massie brilliant blue stained proteins of fractionated lysates of B. 
burgdorferi strains B31 and ACA-1. Lane 1 and 8 are molecular weight 
standards, lane 2 is fraction C of B31, lane 3 is fraction C of 
ACA-1, lane 4 is fraction E of B31, lane 5 is fraction E of ACA-1, 
lane 6 is fraction B of B31 and lane 7 is fraction B of ACA-1. The 
gel was run for 16 hours and 30 minutes at 74 v. The acrviamide 
concentration was 151. 



Fig. 4 shows the piasmid pTRH32 from which the hybrid plasmid pTRH44 
used for nucleotide sequencing of the OspA gene of 3. burgdorferi is 
produced. The sequencing strategy is depicted. The indicated DNA 

25 fragments were cloned into a M13 phage as described in Example 2 and 
direction of sequencing of the strand is shown by arrows underneath 
the restriction map. The open box in the plasmid DNA represents 
pBR322 DNA and the filled- in boxes in the pTRH44 plasmid represent 
Tn5 DNA. The recognition sites for the endonucleases Hpal (Hp), 

30 Ahalll (A), Haelll (Ha), ?szl (?) , Hindlll (H) , EcoKI (E) , Seal (S), 
Sphl (Sp) and Sail (SI) are indicated. 

Fig. 5 shows the nucleotide sequence of the OspA structural gene and 
its upstream 5' -flanking region as well as the amino acid sequence of 
OspA as deduced from the nucleotide sequence of ospA and is further 
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explained in Example 2. The n^bers above each ^ ^ 

-no acid posicion, whereas numbers below the sequence ^ ce ^ 

nucleot.de position. The promoter regions PI and , 2 are . / 

hori 2 oncal lines. The respective -35 and - 10 re gio s e 

r TU iU regions are also shov-* 

stop codon is marked by an asterisk. 

id, 6 , h „„ s hydropathlc index or ospA fron Mino scid 
» , tHi rr y comput " - ,iysu « ^- 

indeX 15 " P "" n " d th « * — • * P-it.™ bvd„ 

h e lnd ll-lMM , . ^^^^ Mino ^ P. 

hyaro P , thlc lDte lndi „ tes . hydrophlUc saino >cid - 

ted us lng a„ of , „, ino aclds _ ^ 

Fig. 7 sho„ s . b ydrophlU c lcy P „ flU of proceln s « que „„ 

" '~ « «o PP .« 1Ml , M Th u 

h.u„ y ls « P « sented on the y „,._ Ihe ^ hydrophmc t * 
. sround „ lno acld 54 co . puted an iver 

or 6 amino acids. 6 p ien 5 Cn 
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Fi 8 . 8 s „o U5 a curve of rhe ch „ ge o . prote . n ^ ^ 

the p„ ( t „. o „ l4 , d „„„ lned bv compuMr snslvsis of ch 
-d,,a » ta o acid of the 0spA procein using 

2= program by C.nofit SA , Gen<!VS Svlc2erl(md P 

TH. 9 sno„ s th a , cld =OTposl;io „ „ f ^ 

b, c„„ put „ , nalysls „ cocdlng ^ Hart >t 



F lgS; lOa-iOf sho „ th « p „ dicced se „ ndary structure of 0soa 
t.»». d by cmputer , nalysis of the dediiced 0spfl Mii>i ■ 

d es „ lbed by CMUr „ al 1?78 (35) ^ predi ^ ed ^ - 

10.) . as a se„i gt , phl c.l o„„. Jt <rlg . 10 b, » sit , s th . svbois '^ci- 
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bed in the Figure, and in plots shoving the coil conformation (Fig. 
10c), the extended conformation (Fig. iOd) f the turn conformation 
(Fig. 10e) t and the helical conformation' (Fig. lOf ) , of the OspA 
sequence. 

5 Fig. 11 shows a plot of secondary structure curves for the OspA se- 
quence showing the hydrophobic ity profile, the charge residues pro- 
file, the alpha helix propensity, the beta sheet propensity, and the 
reverse turn propensity. 

Fig. 12 shows a plot of the beta turn probability profile of the OspA 
10 . sequence as determined by computer analysis according to Chou et al . 
1979 (36) . 



Fig. 13 shows the position and sequence of the predicted beta t 
as revealed by computer analysis of the deduced amino acid sequ 
of OspA. 



Fig. 14 shows the IgC antibody responses to the B . burgdorferi B 
fraction ELISA in sera from 52 patients with early and late stage 
Lyme borreliosis. Control sera from 64 healthy individuals were als 
measured. The cutoff value, calculated from the 64 healthy control 
sera, is marked by a dotted line in the figure. The experiments 
leading to the results shown in the figure are described in further 
detail in Example 5. 



The present invention will now be further described with refere 
the following Examples . 

MATERIALS AND METHODS 



25 Media 

TSM buffer (10 mM Tris , pH 7.4; 150 mM NaCl; 5 mM MgCl 2 ) 

TSEA (10 mM Tris, pH 7.4; 150 mM NaCl; 10 mM EDTA; 0.05% 
azide) 
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BSK II meciun: (Barbour- Stoenner- Kelly mediuir.) fBarbou*- ±C ( i 9fi / ■ 

(25)1 ' * " l -* 6 ~- 
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EXAMPLE 1 



Preparation of cell fract 



ions 



5 The procedures for preparing fractions B.C and E of B. burgdorferi 
are summarized in the flow diagram shown in Fig. 1. 

Two liters of BSK II medium containing approximately H>" cells o* « 
burgdorferi (ATCC 35210) in late log phase of growth were harvest 
by centrifugation in a high speed Beckman J221 centrifuge at 9 000 
0 x g tor 20 minutes at 20'C and washed once with TSM buffer The 

resulting pellet was resuspended in 10 ml 0 f TSM buffer and placed o 
ice. Arter 15 minutes. 2.4 ml of 10. °ctyl-*-D-gluco P yranoside (OGP- 
Calbiochea. San Diego, Ca) in TSEA were added. The cell suspension ' 
was incubated at 37'C for 1 hour. The resultant cell Ivsate was 
centrifuged at 48,000 x g for 30 minutes at 25'C. A clear OGP suoer- 
natant (S37) and an OGP- insoluble white pellet (P37) were obtained 
The supernatant was then incubated at 56'C for 30 minutes The ^loc 
culent white precipitate (P56) formed after the heating was separatee 
from soluble constituents (S56) by centrifugation at 48,000 x g f 0 r 
30 minutes at 37'C. The original pellet (P37) was washed by resusoe,- 
sxon in 10 ml of TSEA. centrifuged at 48.000 x g for 5 minutes and " 
suspended in 10 ml of « sodium lauryl sarcosinate (Sarkosyl) « P ~SZ± 
and incubated at 37'C for 1 hour and then at 20'C for 15 hou^s The " 
P56 traction was treated in the same way as P37. The P37 susoension 
remained opalescent, while the P56 fraction cleared when incubated in 
Sarkosyl. Both fractions were centrifuged at 48.000 x g f or 30 minu- 
tes at 25'C. There was a large translucent Sarkosvl - insoluble nelle- 
(P37-p) and a clear supernatant (P37-s) in the P37 tube. In the P56 
tube, there was no discernible pellet; only the supernatant was 
saved. The P37-s and P56-s fractions were each dialvzed aeairst *5Z 
methanol in glass -distilled water at 20'C. The contents of the diaiv- 
bags (Bethwd* Research Laboratories) were lyoohilized and *37- s 
and P,6-s fractions that were recovered were designated fraction r 
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ar.d fraction E , respectively. Fraction S56 was passed through a 0.45 
zicron nitrocellulose filter (Miiiipore low protein binding filter) 
and then dialyzed against glass-distilled water at 4°C. The S56 
precipitate that formed in the dialysis bag was recovered by centri- 
5 fugation (48,000 x g for 30 minutes at 25'C). The water- insoluble 
pellet was designated fraction B and the water-soluble supernatant 
was designated fraction C. Both fractions were lyophilized. Fraction 
P37-p was resuspended in 10 ml of 12 Sarkosyl in TSEA and incubated 
for 1 hour, at 37 # C. This suspension was then centrifuged at. 48,000 x 
g for 30 minutes at 25°C. The supernatant was discarded. The pellet 
was resuspended in 21 SDS in TSEA and incubated at. 65 °C for 30 minu- 
tes. The suspension was then centrifuged (48,000 x g for 30 minutes 
at 25°C). The pellet was designated fraction A and was washed in 
glass-distilled water, whereas the supernatant (designated fraction 
D) was dialyzed against 25% methanol. Both fractions were lyophili- 
zed. There were insufficient amounts of fraction A produced for 
extensive testing. This fraction was therefore not used. 

To reconstitute the fractions for use as antigens, 100 of lyophi- 
lized extracts were each mixed with 1.0 ml of PBS containing 0.05X 
Triton X-100 (Bio-Rad, Richmond, Ca) . The protein content was deter- 
mined using a commercially available assay (Bio-Rad. Richmond, Ca) ; 
values ranged from 18 M g/ml (fractions B and E) to 28 ^g/ml (fraction 
C). Solutions of fraction B required three 15-sec bursts using a Bio- 
sonic sonicator (Bronwill Scientific, Rochester, N.Y.) at a setting 
of 60= and pipette washing of this material to obtain adequate sus- 
pensions. Similarly, fractions B, C, E, F, D and A of Borrelia burg- 
dorferi spirochaetes of the strain ACA-1 described by Asbrink et 
al.', 1985 (18) were obtained. 
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Determination of procein concent by SDS-PAGE 

To determine the protein content of preparations of whole cells and 
the fractions obtained above of Borrelia burgdorferi strains 331 and 
ACA-1, the preparations were analyzed by polyacrylamide gel elec- 
trophoresis (PAGE). The preparations were prepared as follows: After 
three washings in phosphate -buffered saline containing 5 mM MgCi 2 (pH 
6.4). the whole cell spirochaetes and the fractions were suspended in 
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cistilled water. The amount of procein in the suspensions was def- 
amed using a conuu.rci.llv available assay (Bio-Rad. RichBopd Ca) " 
mcubacion buffer (5% 0.2 M Trizma base neutralized with h,po' (d u" 
6.8), 1= SDS. IX mercapcoechanol. 48Z urea in distilled wacer) was 
added in an equal volume to the suspensions to give a f inal concep . 
cration of 0.85 mg of protein per .1 . The samples were boiled for 5 

ZT' ^ 10 C ° " ^ W6re SUbjeCC6d C ° SDS - PAGE *» * ^ SE 
600 Verbal Gel Unit. The protein band pattern obtained for B31 is 

shown in Fig. 2. the pattern for ACA-1 (fractions B, C and E) is 
show, in Fig. 3a. and Fig. 3b shows a comparative analysis of frac- 
tions B, C and E of strains B31 and ACA-1. 

For B31, the acrylamide concentration was 10%. The gels were stained 
vith Coomassie brilliant blue R-250 (Si gm a) and included the follow- 
ing molecular weight standards: a-chvmotrypsinogen (25.700). ovalbu- 
min (43.000). bovine seru* albumin (68.000). and phosphoryl.se B 

(97.400) (Bethesda Research Laboratories Inc r.irV, u 

<-ui-j.es, inc., Gaithersburg, Md) . 

For ACA-1. the acrylamide concentration was 15Z. The gels were stai 
ned with Coomassie brilliant blue R-250 ( Signia) and included che 
rollowing molecular weight standards: a-lactalbumin (14.400). sovbean 
trypsin inhibitor (20.100), carbonic anhydrase (30.000). ovalbumin ' 
(43,000), bovine serum albumin (67.000). and phosphoryl.se B 
(94.000) (Pharmacia. Uppsala. Sweden). These molecular weight sc.- 
dards were also used in the comparative analysis. 

The presence of major outer surface proteins (OspA and OspB) o- the 
3^ burgdorferi strains was further confirmed by testing the above 
whole cell and fraction preparations by immunoblot analyses according 
co Barscad ec al. (27) against murine monoclonal antioodies (H533^ 
H3TS, and H6331). 

Serologic test enzyme- linked iummosorbenc assay (£LISA) 

Two isolates of B . hurg dorf eri . the Shelter Island. New York strain 
B31 (ATCC 35210) and a Connecticut strain (No. 2591) (white footed 
-u,e, ARderso . n et al 1983 m) mainta . ned . r n 

Fractionated preparations of spirochetes were derived from stocks o* 
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the B31 strain, vhiie whole cells used in ELISA are taken from sub- 
cultures of the Connecticut strain. 

Serum samples from persons who had Lyme disease, relapsing fever, 
yaws, or syphilis were tested against the whole cell or fractions of 
3. burgdorferi in ELISA. The test procedures were essentially as 
described by Voller et al. (17). 

Protein concentrations in preparations of whole cell or fractions of 
the above strains obtained by the methods outlined above were ad- 
justed by diluting with PBS to 3 pg and 18 pg/ml, respectively, to 
standardize ELISA methods and to ensure optimum reactivity. 



Positive and negative (control) antigens were added in alternate rows 
(50 pi per well) to 96-well. flat-bottomed, polystyrene plates 
(Nunc, Denmark). The positive control sera were from persons who had 
erythema migrans and who lived in areas endemic for Lyme disease. 
15 After incubation for 18 to 20 hours at 37'C (at which time the wells 
were dry), 200 pi of 0.52 donor horse serum in PBS were added to each 
well to block binding sites not covered with antigen. Plates were 
incubated for 1 hour at 37 "C and washed three times with PBS-0.052 
Tween 20. 

20 Test sera were diluted in twofold steps starting at 1:80 in a dilu- 
tion buffer of PBS-0.052 Tween 20 containing 5.02 donor horse serum 
and 50 pg of dextran sulfate per ml (analytical grade: ICN Pharmaceu- 
ticals, Cleveland, Ohio). Sera were added in 60 pi volumes to each 
well, and after 1 hour of incubation at 37°C, the plates were washed 

25 four times with PBS-0.052 Tween 20. 

Subsequently, 60 pi of horseradish peroxidase-conjugated anti-species 
antisera were added to each well (goat anti-human immunoglobulin, 
Tago, Inc., Burlineame, Ca) diluted to 1:1000 in dilution buffer. 
The incubation period for each step was 1 hour at 37°C, followed by 
four washes with PBS-0.052 Tween 20. 



60 pi of commercially prepared 2 , 2 ' -azino-di - (3-.ethyl-benzthiazoline 
sulfonate) substrate (Kirkegaard and Perry Laboratories. Caithers- 
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burg, Md) were added to each well. Places vs-e < 

65 vere >-nen incuoacec for 60 
minuces before decermining absorbance values. 

Absorbance values (optical densities) of all preparations were recor- 
ded at 414 nm by using a microplate photometer (Multiskan- Flow 
Laboratories, Rockville. M d) . For each serum dilution, a net absor- 
bance value (representing the difference in optical densities between 
positive antigens and PBS) was calculated. Each plate contained a 
positive serum dilution and a series of known negative control serum 
dilution.. The average net absorbance values for the known negative 
serun, dilutions were analyzed statistically to determine significant 
titers for positive reactions. A serun, dilution was considered posi- 
tive ir 1C yielded a net absorbance greater than the total derived bv 
addwg three standard deviations to the mean ([SD x 3] + ±) of the 
absorbance for the group of negative serum dilutions. 

15 To deterge critica! regions for positive test results, normal human 
serum specimens were screened against fractionated (n-22-27 sera 
tested) and whole cell preparations of 3. burgdorferi (n-2S sera) 
The screening was performed for total immunoglobulins and IgG The 
results are listed in Table 1. Average net absorption values for 
20 samples tested against the fractions ranged from 0.20 to 0 ">5 and 
from 0.18 to 0.23 for serum dilutions of 1:320 and 1:640 respec 
tively. m ELISA with whole cell B . burgdorferi, cut-off values o- 
0.26 and 0.17 were recorded. Net absorption values for the positive 
control sera were usually considerably higher than those listed 
25 above, regardless of the antigen used. 

Comparative analyses for class-specific IgG antibody revealed dif- 
ferences in specificity and sensitivity when sera were tested with 
the fractions. The results are listed in Table 2. For example . of the 
22 serum specimens from persons who had relapsing fever, vaws , or 
syphilis that reacted positively to whole cells of 3. burgdorferi 7 
(322) remained reactive to fraction B . Only three of 16 samples fro* 
patients with syphilis or yaws were positive. In contrast, 30 (9U) 
of 33 specimens from patients who had Lyme disease and homologous 
antibody to whole cells of 3. burgdorferi reacted positively to frac- 
tion B. The 3 samples that did not react to fraction B had relative^ 
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iov antibody titers ( 1 : 6*0 - 1 : 1280 = when tested against whole cells. 
Greater losses of sensitivity were noted in tests with the other 
fractions. 



Serum specimens that were reactive in assays with whole cells of S. 
burgdorferi were reanalyzed in class -spec if ic ELISA with the frac- 
tions of 5. burgdorferi to determine the variability of titration end 
points. The results are shown in Table 3. Titers for 28 sera differed 
by 2 fold or less (n-15 samples) or by 4 fold (n-il) when fraction B 
was coated to the solid phase. Titers for the other two samples dif- 
fered by 8 fold. Titration end points for 15 samples were usually 
higher in assays with fraction B than with whole cells. In tests for 
reproducibility, antibody titers to fraction B differed by 2 fold or 
less (n-13 samples), k fold (n-=l) t or by 8 fold (n-1) in the second 
trial. All 12 negative sera were likewise non- reactive in duplicate 
tests. When results for fractions C, D ( E, and F were compared to 
those of whole cell or to fraction B reactivity (Table 3), 8 or 9 
sera were considered positive, respectively. Antibody titers varied 
by as much as 32 fold. 



\ 
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TABLE 1 



Reactivity of normal human serum samples with whole cells or frac 
tions of S. burgdorferi in ELISA 



Prote- 
in con- 
10 Anti- tents 
gens pg/ml b 

whole- 
cell 85 
15 Fraction: 
B 18 
C 25 
E 10 
D 28 
20 F 35 



Total immunoglobulins 



Critical regi- 
ons a for serum 
dilutions of 

i:320 c l:640 c 



Total 

sera 

tested 



Total 

sera 

tested 



Critical regi- 
ons a for serum 
dilutions of 

l:320 c i:640 c 



28 


0 


.26 


0.17 


27 


0 


.16 


0 


.13 


22 


0, 


.21 


0.19 


27 


0. 


.12 


- 0. 


,09 


23 


0. 


.22 


0.23 


27 


0. 


.20 


0. 


14 


27 


0. 


,20 


0.18 


27 


0. 


.20 


0. 


16 


25 


0. 


25 


. 0.20 


27 


0. 


19 


0. 


13 


25 


0. 


23 


0.20 


27 


0. 


15 


0. 


13 



25 



a 3 standard deviations + ± 

b Quantity of protein present in stock preparations of antigen before 
coating the solid phase 

c Net absorbance values exceeding critical regions considered oosi-i- 
ve 
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Reactivity of serum samples from persons with Lyme disease, syphilis 
or relapsing fever with vhole-cells or fractions of 3. burgdorferi r 
ELISA 



Test 
groups 


wo . 0 1 
serum 
samples 
tested 


No. (Z) 


positive a to 3, 


. burgdorferi 




F 


whole 
cell 


Fractions 
B C E 


D b 


LYUlc Q1S 














ease 




J J ( 100 ) 


28(85) 21(64) 


18(55) 


11(73) 


23(70) 


1 1CK- 














borne re 














1 aps ing 














fever 


1 


1(100) 


1(100) 1(100) 


1(100) 


1(100) 


1(100) 


Louse - 














borne re 














lapsing 














fever 


3 


3(100) 


3(100) 2(67) 


0 


2(67) 


3(100) 


Yaws 


2 


2(100) 


0 0 


0 


1(50) 


0 


Syphi- 














lis d 


16 


16(100) 


3(19) 7(44) 


2(13) 


3(43) 


0 



20 



9 =; 



30 



£ Positive at serum dilutions >1:320 in tests for IgG antibodies. 

b Because the antigen supply was exhausted, the total numbers of ser 

tested were as follows: 

Lyme disease (n-15) , tick-borne relapsing fever (1), louse-borne 
relapsing fever (3), yaws (2) , and syphilis (7). 
c Persons developed erythema migrans and also had neurologic or 
arthritic disorders. 

° One sample reacted to whole cells and fractions B and C at 1:5120 
but was depleted before being screened against fractions, E, D and F 
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TABLE 2 



Reactivity of sei 



.run, samples fro. persons with Lvine disease _ o ^ 
cell or rractions of 3. burgdorferi in ELISA for I- 



LgG antibody 



Reciprocal IgG antibody ti 



ters a 



10 



ID 



Pa- 
tient* 



ED 

MP 

PD 

RB 

K2 

RR ^ 

BB 

FM 

FV 

FM 

JV 

JE 



Whole 
cell 



Fractions 



20,480 
10,240 
10,240 
5,120 
5,120 
5,120 
2,560 
1,280 
1.280 
640 
640 
640 



20,480 

1,280 

20,480 

20,480 

20,480 

10,240 

5,120 

10,240 

5,120 

2,560 

1,280 

N 



20,480 

1,280 

320 

1,280 

2,560 

1.280 

5,120 

N 

.5,120 
640 
N 



N «= Negative (<1:160) 

Persons had erythema migrans and one o 
of Lyme disease. 



5,120 
N 

2,560 

1,280 

2,560 

640 

320 

2,560 

1.280 

2,560 

N 

N 



640 
N 

320 

1.280 

320 

2,560 

640 

N 

640 

N 

N 

1,280 



5,120 
5,120 
1.280 
640 

10,240 
20,480 
2,560 
N 

640 
N 

640 
N 



r more later manifestations 



The sensitivity and reproducibility of assays were n,onitored dailv b- 
including the saae positive and negative serun, specimens. When new 
lots of peroxidase-labelled antisera were purchased, procedures were 

standardized accordingly. 
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EXAMPLE 2 

Isolation and sequence analysis cf zhe OsdA genes 
Bacterial strains and piasciids 

Escherichia coli TGI [supE, chi, (lac-pro), hsdD5/Y* traD36 , proAE , 
5 lacl t iacZ MLS] (Gill et al. ( 1986 (A3)) were used 'as hosts for M13 
growth. pTRH44 is an ampicillin resistant derivative of the vector 
pUC9 (44). The pUC plasmid carries an 1,6 kb DKA fragment containing 
the gene encoding OspA. The construction of the plasmid pTRH44 is 
described in Howe et al . , 1986 (39). 

10 Media and culturing conditions 

Cells were grown in L-broth (G. Bertani, 1952 (45)) supplemented with 
medium E (Vogel and Bonner, 1956 (40)). Plasmid-containing strains 
were grown in media supplemented with ampicillin (100 microgram/ml) . 
The bacterial cultures were incubated at 37°C while shaking. The £. 
15 coli DH5 (recA) (purchased from BRL, Life Technologies, Inc.) was 

transformed with pTRH44 after having been made competent by the CaCl 2 
method according to Hanahan, 1983 (41). 

Isolation of plasmid DNA 

Restriction endonucieases , T4 DNA ligase , reverse transcriptase (Life 
20 Sciences Inc.), Sequenase (US Biochemical), and the Klenow fragment 
of DNA polymerase I (New England Biolabs and Pharmacia) were used as 
recommended by the manufacturers. Plasmid DNA was isolated from an 
overnight culture of E. coli DH5 harbouring the plasmid pTRH44 by 
lysing the cells by the "lysis by boiling" -method according to Mania- 
25 tis et al., 1982 (30). The plasmid DNA was digested with Hpal and 
Sail so as to obtain the 1.6 kb DNA fragment encoding OspA. The 
1.6 kb DNA fragment was isolated by agarose gel electrophoresis as 
described by Maniatis et al., 1982 (30) and was subjected to further 
restriction enzyme cleavage in accordance with the strategy outlined 
30 in Fig. 4. The DNA fragments were isolated by using an analytical 
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sequence analysis 

The DNA fr.g.encs ob „ ined above „ ere UsaMd ta(> 

veer. (Hessing « lM2 (4t)) „ ans£ecced ^ -» 

" y ** d "" lbed ■*-■"». 19.3 »«!>. The cloned 

= t_ „ere sequenced b y the did.o^ud.otid. chaln . teral „ ti ^ 

«!.. ».< (37, for VAX co.puters (Digit,! Equip „ nc Corpo „ cl<)n) 
use. to a sse.ble the DSfl seq _ s ^ ^ perfm DM 

sequence „ alyses . Tb, r « sultl „ g DNA sequence and the lalno J„ 
sequence deduced from the DNA sequence is show, in Flg . 5 . 
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15 



on 
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lint 15 ° £ che dna " ,uence rev - ud »™-bi, i. 

encoded b y ,„ ope „ t .. dlng frm „ f nucl „ tldM ^ 

position 151 of th. DKA sequence and t.r.inating « posltlon , ;0 . 

" qU ' n "' Ih « «™-P«-l« pr.fi. encoded b y this op e„ 

-5.334 kd „ p« dlcted £ „„ the sequence aiuiysis Ko * 

oing fra«.s on the DNA fragment couid be translate, to proteins of 
•ny significant length. Besides che prs s,»ed TAA .„ op ^ ^ 
y gene positioned « nuclide position ,70-972. the isoLted DNA 
-r.«-»t contains !2 bases .hich presu^blv separate the OsoA gen. 
«* the OspB gene „hich, .s described above. ,r. or .s™, d „ b f 
organized within the same ooeron 

Fourteen bases upstream of the presumptive start codon of OspA at 
Position 15i is a conser . sus ribosomal ^ ^ 

- a!.. 198l (27)) . Further upscream from cransiacionai ^ 

poxnt are two regions, Pl and P2. These regions are sim i lar although 

no. identical to the consensus sequence for ,f™, 7n 
, „ cquence tor sigma-70 promoters found 

c coli (Rosenberg and Court 1979 or\\ . , 

' < 28 >>- An alternative promoter 

s-e closer to the ATG-start codon was also found, this possible 
P-moter had a spacing between the -.35- and -. l0 - boxes that was not 

- agreement, winh .the optimum spacing favoured by the consensus 
sequence. The PI promoter w as found to most closely resemble th . 
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consensus sequence. As mentioned above, the OspA and OspB encoding 
DKA sequences are found within the same operon located on a linear 
plasmid in B. burgdorferi. The result of the DNA sequencing has re- 
vealed that a 12 base pair region separates the ospA and ospB genes 
5 and that the ospA gene is located 5' to the ospB gene. The twelve 

base pair region which separates the ospA and ospB genes follows the 
TAA-stop codon of the OspA gene and also contains a ribosome binding 
site that is similar in sequence to the ribosome binding sequence 
preceding the OspA open reading frame. 

10 Notable features of the sequence upstream of the Osp genes and the PI 
and P2 promoters include two closely-spaced direct repeats of the 
twelve base sequence AACCAAACTTAA (beginning at positions 13 and 29). 
A 14-mer palindromic sequence ( TTATATTAATATAA ) starting at nucleotide 
123 surrounds the "-10 regions" of the putative promoters Pi and P2 

15 Amino acid composition and codon usage 

The deduced amino acid composition of the OspA protein is shown in 
Fig. 5 and is not remarkably different from the composition of the 
proteins of other groups of organisms (Dayhoff et al., 1983 (46)). 
The estimated total number of amino acid residues of OspA is 273 Of 
note, however, is the comparatively high content (15%) of lysine, 
threonine (111) and serine (10.51) calculated on the total amount of 
amino acid residues in OspA. Only one cysteine residue was found- in 
OspA. OspA is a basic protein with a calculated isoelectric point of 
9.5. pH 7.0 OspA has a predicted charge of +4. The overall amino acid 
25 composition is shown in Fig. 9. 

The utilization of codons in the OspA gene was compared with the co- 
don usage in £. coli. As expected of an organism with a G+C content 
of 30Z (Hyde and Johnson, 1984 (47)), 3. burgdorferi has a preference 
for codons with an A or U in the wobble position. 



20 



Sequence analysis of the cranslaced OsdA orotein 

i 

The primary structures of the translated protein was analyzed for 
signal sequences using the method of von Heijne, 1983 (23). A pos 
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sioie cleavage sice in the open reading f r . M specifvin, 0sD , w „ 
round between the alanine and cysteine residues at pos-ions 15 and 



_ Thus, the first 16 amino acid residues of Osp A presu.ablv constitute 

3 the signal sequence of OspA. 
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or an- 
ococcus 



se- 



Beg.nn.ng at residue 5 in OspA. the protein has an amino acid seouen . 
ce which is also found in the corresponding position of OspB Thus 
the following sequence: L-x-x-x-x-L-x-L-A-L- I -x-C is common to the' 
Os P A and OspB proteins, in which sequences - x - is a non-charged amino 

acid residue. "L" is a leucine residue "A" is an a1 • 

e - A ls fl n alanine residue 
"I" is an isoleucine residue, and »C« is . cvsteitle residue A ^ 

tion ot this sequence in which the first two leucines are replaced 
isoleucines was found starting at residue 5 of the precursor 
other plasmid-specified protein, the ^-lactamase of Scaohvlo 
—us (McLauglin et al.. 1981 (48)). This protein and OspA also 
share a number of other common features including the N-terminal « 
quence M-K-K. in which "M" is methionine, and "K" is lysine . aspara . 
gxnes at positions 20 and 28. a serine at position 22. a glutamine 
at position 26. a valine at position 40. and a lysine at position 46 
The S. aureus p. lactamase belongs to a group of proteins, the Upo- ' 
proteins, that are fatty acylated at a cysteine residue in the N- 
terminus of the processed protein (Vu and Tokunaga. 1986 (49)) This 
class or proteins have a typical consensus tetrapeptide in thei- 
s.gnal peptide (L-z-z-C). where z predominantly represents small 
neutral amino acids (Vu et al . . 1986 (49)). The OspA and also the O 
OspB proteins show sequence similarity to the consensus sequence of 
tne signal sequence of the lipoprotein precursors in bacteria OsoA 
as well as OspB have a sequence of L-z-z-C around the suspected ' 
pepticase cleavage site. In OspA. the sequence is L-I-A-C while in 
OspB it is L-I-G-C. 



The hydropathicity profile and predicted secondary structure illu- 
strated in Figs. 6 and 10-13 for the OspA protein were found to be 
similar to the hydropathicity profile seen for other outer membrane 
proteins ( N i kaido et ai ., WM (5Q)) Alchough ^ ^ ^ ^ 

3= signal peptide of OspA is highly hydrophobic, the remainder of the 
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OspA protein contains several hydrophobic regions. These regions vere 
found between amino acids 53 to 56, 72 zo 76 , 163 to 171. 214 to 226 
and 242 to 246. The highest local hydrophilic region of the OspA pro- 
tein was found around amino acid 46. Similar hydropathicity profile 
and predicted secondary structure vere found for OspB. 

When the OspA and OspB proteins were compared, they were found to 
have 53Z overall sequence identity. The greatest degree of similarity 
between the two proteins was present in the initial one -third and the 
terminal one-third of the proteins (7ig. 12). 

The middle part of each protein showed divergence from one another. 



Both Osp proteins were also examined for sequence similarity to other 
known proteins in the NBRF database using the algorithm of Lipman et 
al., 1985 (51). With the exception of S. aureus ^-lactamase this ana- 
lysis failed to reveal any significant sequence similarity to any 
15 other proteins in the database. 



EXAMPLE 3 

Alternative methods of fractionating 3. burgdorferi cells 
Example 3a 

The procedure outlined in Example 1 for preparing cell fractions was 
20 repeated with different detergents in step a), comprising the lysing 
of'S. burgdorferi spirochaete cells. The first supernatant (S37) was 
analyzed by SDS-PAGE to determine which detergents could be used in 
this step. The following detergents were tested: 



25 



the non-ionic detergents, hexyl -5-D- giycopyranos ide , hepcyl-0-D- 
glycopyranoside, octyl-0-D-giycopyranoside. nonyl - 6 -D- giycopyranos i - 
de, decyl-^-D-giycopyranoside, dodecyi -0- D-maltos ide , MEGA - S (oc- 
tanoyl-N-methylglucamide) , MEGA -9 (nonanoyl -N-methylglucamide) , 
MEGA- 10 (decanoyl-N-methylglucamide) (Calbiochem. San Diego, CA) and 
Triton X-100 (Sigma Chemical Co., St. Louis, MO). 
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che zvitterionic detergents. Zwittergents 3-08. 3-10 3-1- 3 1' d 
■>-lo (Caloiochem, San Diego. CA) . CHAPS (3-U3 • • ' ' *" 

me.nylanunoniol-l-propanesulfonate). CHAPSO (3-fn chol 

'•^^ -> ^^ c :, 

th. .nlonic d et .r 8 e„ ts . SOS (Uuiyl sulf , te) , „.„ 

hs follow h«, yl .,-r,. gly „ pyc , nosidei „ ECA . 8 ^ 2 
J-0. 6 v. „ lnsufflcUnc „l» Mll! . tl „„ of the splrochaece J 
P«-blX < U; „ thelr too sh0 „ c „ bo „ chains icUon - 

SDS-PACE lectin, . dl£f. r .„ t level o£ solublll2 „ lon 

Example 3b 

lS30) Was analyzed by SDS-PAGE. The differen- r„ m 

enc Cem peratures tested 

- ion w . . a SlLght1 ^ n *Sner ^gree of precipe 

^ion was ootained. ' H 



example 3c 



The procedure of Exa-ml* 1 
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Example 3d 

The procedure outlined in Example i for preparing cell fractions was 
repeated with different detergents in step a), comprising the lysing 
of B. burgdorferi spirochaete cells. Fraction B was analyzed for 
5 activity in ELISA with different samples of patient serum. The diffe- 
rent detergents tested were Zwittergent 3-iO and decyl D- glycopyra- 
noside compared with OGP. No differences in reaction against patient 
sera in ELISA could be seen with Fraction B prepared with the three 
different detergents. The results obtained appear from the following 
10 table. 



Number of positive in ELISA 
Patient serum (n) 0 GP DGP 3.10 



Normal individuals (4) 

15 Rheumatoid factor (4) 

Anti nuclear antibody (2) 

Vasserman positive (3) 

Borrelliosis (3) 



0 
0 
0 
0 
3 



0 
0 
0 
0 
3 



0 
0 
0 
0 
3 



20 EXAMPLE 4 

Analysis of Fraccion B 
Example 4a 

Qualitative lipid analysis of fraction B was performed using thin 
layer chromatography. Lipids were extracted from the fractibn by 
addition of 20 volumes chiorof orm;methanol (2:1 v/w) . 10 volumes of 
2X (w/v) KH 2 P0 4 in water were added, and the phases were allowed to 
separate. The lower, organic phase was recovered and dried by addi- 
tion of anhydrous Na 2 S0 4 . The extract was filtered and evaporated to 
near dryness under a stream of N 2 . 



25 
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Neutral lipids were separated bv chip lav P ~ ^ 

. . r ■ nl '- ia - ve - cnromacographv on oiates 

coaceo with Silica gel G (Merck. Darmstadt FRG) wM^ ' • " 
...... ' * K0) w hicn were deveioDed 

in aiecnylecner:hexane: acetic acid 15-84 -W-AM p- 

•- W-O. Poiar lioids were 

separacea on Silica gel H (Merck, Darmstadt FRG) D Wo • • u 
r . . . rKL > plates wmch were 

a impregnated wxth carbonate acid and deveiooed in chlorofor™ . 

n. l :.c. clc .cld:v. ttl : 25:15:t:l (v/v) . Spot5 

Wo*, i. * d s> l972 . K „ th .„ oll .„ d pubushlns ^ ^ 

.ii. Pn osph, C ia yl «■» ,„<, . „ Ixtu „ „ f 6lvcerldes u>re 

::r::u°: tpld= - n ° n °- and tri - si — -» - ~- 

Glycoiipids were separated on HPTLC plates (Here'- rw , 

. . . K " vnercr,. Darmstadt FRG) \ i 

vnich were developed in hexane : die thylether : ace tic acid 80-20-, 
(v/v), Figure 15. or chlorof onnrmethanol : water 65:25-. (v/v) "pi 
16 The plates were stained with the anisaldehyde reagenc. ftiet 

fro. ooth strain ACA-1 and strain B31 were found to contain a 
nu.ber of different glycoiipids. including lipids with .ono- di 
and tri-saccharides as well as other sugar moieties. 

20 Example 4b 
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The caroonyarate content of Fraction B from strain ACA-1 and strain 

was aetermined by subletting samples of the fraction cent... 
nmg 0.07-20 „ g protein onto an Inunobilon filter (Milli DO re/wate>-s ^ 
Bearord. «a) and staining with Acid Fuchsin (Sigma Checical Co V O 

Louis. Mo) reagent. The fraction could be seen -o r„n- ■ " 
re , n , n r De seen *-° contain approxima- 

tely 0.1 to 0.5 mg carbohydrate per mg protein, probably including 

och caroohydrate as glycoproteins as well as glycoiipids. The blot- 
ting Alters were also developed with use of the Lectin-Link k < t 
(Genzyme. Boston, Ma). Of che lectins used. Concavalin A (ConA^ 
Ric.nus Communis Agglutinin (RCA) , Datura Stra.oniu. Agglutinin ' (DSA) 
and Wheat Germ Agglutinin (WGA) , all four stained Fraction 3 ,. olr 
Doth strain ACA-i and strain B31 . 
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Example 4c 

Analysis of glycoproteins in fractions fro* strains ACA-1 and 321 was 
performed by SDS-PAGE followed by eiectroblotting into an Immobiion 
filter (Millipore/Waters, Bedford. Ma) and thereafter developed with 
5 the Lectin-Link kit (Genzyme. Boston. Ma). The lectin ConA bound to a 
number of proteins in the fractions analyzed as can be seen in Figure 
17. Analysis with the lectin WGA gave a similar result. From this it 
can be concluded that many of the proteins in these fractions are 
glycolipids . 
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Figure 17 shows the result of the analysis of SDS-PAGE of fractiona- 
ted lysate of B . burgdorferi strains B31 and ACA-1 by staining with 
the lectin ConA. Lane 1 is fraction F of B31 . lane 2 is fraction E 
of B31. lane 3 is fraction D of B31 . lane A i s fraction B of B31 , 
lane 5 is fraction F of ACA-1. lane 6 is fraction E of ACA-1. lane 7 
is fraction D of ACA-1, lane 8 is fraction B of ACA-1. lane 9 is a 
reference containing the glucoproteins transferrin 80kd and ribo- 
nuclease B 17kd. 



EXAMPLE 5 



Serologic test enzyme- linked iaaunosorbens assay based on 3. burg- 
20 corferi fractions 



The experiments were carried out substantially as described in Exam- 
ple 1 above in the section "Serologic test enzyme-linked immunosor- 
bent assay (ELISA) " . 

Strains and cultivation 



The above-discussed strains of 3. burgdorferi, the Shelter Island. 
New York strain B31 (ATCC 35210) and the Swedish strain ACA-1 were 
cultivated and fractionated substantially as described in Example 1 
("Preparation of cell fractions"). Fractions B. D and E were obtai- 



ned. 
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Serum samples were obtained from 30 patients with ervthema chronica 
=i S r.„s. Tne clinical symptoms of chese patients and thg serologic 
result of the sera in an ELISA based on whole cell antigen have 
previously been published (2). 22 patient sera obtained fro. clini- 
cally and serologically verified late stage Lyni e borreliosis were 
tested. Negative control sera were obtained from 6. healthy people 
rrom Northern Sweden with no known exposure to Lyme borreliosis 
Additional sera were obtained from 11 paCients with reactive ^ 
rxti., and 13 with mononucleosis. Fifty sera with titers of rheuma- 
toid factor ranging from 1/80 to 1/1280. as determined by the method 
or waaler (55), were also analyzed. Furthermore. 70 sera with ^iters 
fro. 1/100 to 1/1600. as determined by an immunof luorescent assay 
(oo; on sections from rat liver, of anti-nuclear antibody (ANA) and 
.2 wassermann positive sera were included (57). Seven sera from 
patients with serologically verified syphilis were also tested. 

ELISA methodology 

The protein concentration was adjusted for each B. burgdor*— frac 
=io„ obtained above from both strains B31 andACA-1 by addition of 
P3S to 6 Pg/Bl . These fractions were coated to flat-bottom poivstvre- 
ne microtiter plates (high binding immunoplates ; Nunc. Roskilde Den- 
mark) by adding 50 „l of each suspended fraction to each w.n The 
Plates were kept in moist environment and incubated at 37'C over- 
night. The plates were washed manually, and 100 M l 0 f serum diluted 

1:200. 1:500, or 1:1000 ir PBS with 1* m ,-it. 

nss with 1. milk powder (wt/vol) was added 

to the wells and incubated for 2 hours at 20'C. After washing 50 „1 
or alkaline phosphatase conjugated rabbit ar.ti-hu.an immunoglobulin G 
UgG) (Dakopatts. Copenhagen. Denmark) diluted 1:250 in PBS was 
added. The microtiter plates were incubated at 37'C for 2 hou-s with 
gentle agitation. The plates were washed and 100 ,1 of substrate P - 
mtrophenyl phosphate (Sigma Chemical Co.. St. Louis. MO) in ethancl- 
amine buffer ( P H 9.8) with 5 mM MgCl, was added. The enzymatic reac- 
tion was stopped by the addition of 100 „l of 1M NaOH . The optical 
density was measured at 405 nm by a microplate photometer (Flow 
Laooracories, Rockville, MD) . 



10 
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Resulcs 

The sera included as negative controls showed little reactivitv in 
the ELISA. The cutoff value was 0.1L using a serum dilution of 1:500 
This may partly be due to the antigen used, but may also depend on 
5 little exposure of individuals in Northern Sweden to B . burgdorferi. 
The use of these individuals shows that cross -reactivity to the 
antigens in fraction B seems to be negligible. Despite this, the IgG 
antibody responses of previously Borrelia- infected individuals were 
similar to those recorded in tests with whole cell B . burgdorferi. 
Thus, this fraction seems appropriate for serologic confirmation of 
the later stages of Lyme borreliosis. In the ELISA, forty positive 
Lyme borreliosis sera (30 low titer and 22 high titer sera) were 
assayed. The cutoff value in these tests was defined as the mean 
plus three standard deviations ([SD x 3] + x) for sera from 64 per- 
sons from Northern Sweden with no known exposure to Lyme borreliosis 
The results are seen in Table 4. Fraction B exhibited the highest 
sensitivity and specificity in this ELISA. Fraction B was further 
assayed with sera" from persons who had had other diseases; these 
results are shown in Table 5. Ten sera from patients with reactive 
arthritis and serum specimens which had shown reactivity in tests fo 
rheumatoid factor (49 sera), and Wassermann (10 sera) did not give 
any significant net absorption in the ELISA based on the B antigen. 
Among the sera displaying anti-nuclear activity (ANA- positive sera), 
two out of 70 (31) had a net absorption above the cutoff value. One 
2d out of 13 (15Z) sera from mononucleosis patients exceeded the cutoff 
value in the ELISA. 



15 



20 



Out of 30 sera from early borreliosis. 13 (432) had a net absorption 
above the cutoff value in the B-ELISA. All high titer sera had a net 
absorption greater than the cutoff value. 

30 Thus, as stated above, a number of different sera were investigated 
for false positive reactions or the presence -of crass- reactive anti- 
bodies to fraction B. This included sera known to be rheumatoid 
factor positive. These sera may be a problem in different imraunosor- 
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Dent assays due to binding of the Fc fragaent of the immunoglobulin 
It also included sera from patients with acute aononucleosis in which 
polyclonal activation may occur. Sera displaying anti-nuclear acti- 
vity were also included. One out of 13 sera froa mononucleosis and 2 
5 out of 70 ANA sera exceeded the cutoff value. None of these four sera 
had a net absorption above 0.2. This rather low cross-reactivity is 
considered to be acceptable as such sera show cross - reactivity in 
most immunosorbent assays. 

TABLE 4 

10 Reactivity of Borrelia serum (dilution 1/200) in early and late stage 
with fractions of £. burgdorferi in ELISA 
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Serum 


B 






Fractions 
D 








A 405 

x±SD I 


pos . 


n 


A 405 

xiSD I 


pos . 


n 


Early 














stage 
Late 


0.28±0.18 


55 


10(18) 


0.2210.16 


20 


3(15) 


stage 


1 .289±0.36 


100 


10(10) 


0.2810.19 


63 


7(11) 



E 

A 4C5 

xlSD x pos. n 



Early 






stage 0.05710.031 


18 


2(11) 


Late 






stage 0.2210.093 


11 


1(9) 


3n 
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TABLE 5 

Specificity of 5. burgdorferi fraction 3 measured as reactivity of 
various patient seru-T samples in ELISA 



5 



Serum 


No. of serum 


Cross 


reactivity 




samples tested 


No . 


(X) 


Rheumatoid factor 


49 


0 


(0) 


Anti-nuclear antibody 


70 


1 


(I) 


Wassermann positive 


10 


0 


(0) 


Syphilis 


9 


0 


(0) 


Reactive arthritis 


10 


0 


(0) 


Mononucleosis 


13 


1 


(8) 



f 
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_ 68 

CLAIMS 



i. Immunologically active fractions B . C and E of Borr.Ua burner- 

reri obcair.aole by the following seeps: 

a) ivsing 5. burgdorferi spirochaece cells with a mild non-dena- 
turating detergent so as to release outer membrane componenCs 
rrom the cells, and subsequently subjecting the Ivsed cells to 
centrifugation resulting in a first pellet comprising cell „ aU 
and flagellar components and a first supernatant comprising 
outer membrane components, 

10 . b) incubating the first supernatant from step a) under conditions 
sufr.cient to precipitate at least part of the proteins of the 
firs: supernatant followed by centrifugation so as t0 obtain a 
second pellet comprising fraction E and a second supernatant 



c). 



subjecting the second supernatant from step b) to filtration and 
dialy=i„g the supernatant against an aqueous medium with a low 
ionic strength or subjecting the supernatant to ultraf iltration 
so as to substantially remove the mild non-denaturating deter- 
gent and complex B . burgdorferi derived cell components in the 
diaivsl. bag or in the filtrate resulting from the ultrafiltra- 



tion, 



centrifugating the contents of the dialysis bag so as to obtain 
a tnire pellet comprising fraction B and a third supernatant 

comprising fraction C. 

2. Immunologically active fractions B, C and E of I. burgdorferi 
spirochetes, each fraction being characterized bv a protein dis- 
tribution pattern resulting from sodium dodecyl sulfate polvacryl- 
am.de gel electrophoresis (SDS-PAGE) under the conditions specified 
in Example 1 being substantially similar to the protein distribution 
pattern shown in Fig. 2. 

3. Immunologically active fractions of a B. burgdorferi soirochaete 
strain substantially identical to the immunologically active frac- 



WO 90/04411 PCT/DK89/00248 

• » # 

rions 3, C and E obtained when subjecting the same strain of 5. 
burgdorferi spirochaetes to the procedure described in Example 1 as 
determined by methods of determining substantial identity. 

A. An immunologically active fraction of B. burgdorferi spirochaetes, 
5 characterized by still being soluble in a mild non- denaturating 

detergent after having been incubated at 56°C for 30 minutes, and by 
being substantially soluble in water. 

5. A fraction according to claim u, which is fraction C. 

6. An immunologically active fraction of 3. burgdorferi spirochaetes 
10 characterized by substantially not being precipitated by a mild non- 

denaturating detergent, but being precipitated by incubation a: 56°C 
for 30 minutes . 

7. The immunologically active fractions according to any of the 
preceding claims being substantially free from cell wall and flagei- 

15 lar components of B. burgdorferi . 

8. An immunologically active fraction of 3. burgdorferi antigens 
according to claim 7 having substantially the same reactivitv with 
sera from patients with Lyme, disease as that of whole cells of B. 
burgdorferi, but with substantially less reactivity with sera from 

20 syphilitic patients. 

9. An immunologically active fraction according to claim 8 which is 
fraction B. 



10. A fraction according to claim 8 or 9, which fraction reacts with 
a substantial percentage of the sera from patients with Lyme disease 
e.g. at least about 85X, preferably at least 87X , e.g. at least 90Z 
or 95X, but with an insignificant percentage of the sera of syphili- 
tic patients, e.g. with no more than about 20% such as 18Z . 

11. A fraction according to claim 8 or 9 , characterized by still 
being soluble in a mild non-denaturating detergent after having been 
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incubated a, 56'C for 30 ainutes . and by being subsCanciaUv 
soluDle in water. 

12. The ideologically accive fractions acCQrding ^ ^ 

Preceding claim, being substantially free f ronl sodiura dode 

:> rate. 7 * 

13. I— UgicaU,, active Cr, Mms B , c „ d E , f ^ 
spiroc h ««s „ f „a„ v„ k s «, in BJ1 (AICC ^ ^j.^ 
ch.r« t e„,e d by follo „ lng ptotel „ b ,„ ds - 
-She „ tll oaal„„ s <M)> lB . sodlra dodecyl sulfate U < 
-»>. 1.1 <=°ncai„l„ s „„ by „« lght of sodIu „ dodecyl suua ' te y 

.crying afcar ele=cropho resls it 95 . 280 v £or , ^ ^ J 
and scai„i„ s vlth Coo „ assie ^ R ^ 

specified in Example 1: l ° ns 
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Fraction B 
Fraction C 
Fraction E 



20. 21, 29, 31. 34, 39, 59. 66. 68. 85 kd 
40. 70 kd 

18. 20. 25, 31. 34. 41. 48. 55. 66. 68, 85 kd 



1*. I-unologically active fractions according to clain, 13, vhich 
co ra prise the 31 kd and 34 kd proteins, but not flagellin. 

15. Immunologically active fractions B, C and E of B. burner' 
sp.rochaetes of strain ACA-1, each fraction being charactered by 

I ] ^ Pr0t6in (eXP — « -1-eul.r weight in kill 

o^ltons (kd)) ln a sodium dodecyl sulfate polyacrylam . de 

ca^ng 10X bv weight of sodiu* dodecyl sulfate polyacrylaaide) after 
electrophoresis at 74 V for 15 hours 15 ainutes and staining w t 

Co™ brilliant blue R-250 under the conditions specified in 

example 1 : 



Taction B: 



13. 15. 19, 23. 24. 25, 28. 30, 32. 36. 38 4' 47 

50, 59. 68 kd ' 

Fraction C: 14 . 32 , 36 , 52 . 68 kd 

Fraction E : 11. 14. 25, 30. 32. 36. 47. 50, 54 kd 
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16. A method of preparing one or more of fractions E , C and E of 3 

burgdorferi as defined in claims 1-15, which comprises the following 
steps : 



a) lysing B. burgdorferi spirochaete cells with a mild non-dena- 
5 turating detergent so as to release outer membrane components 

from the cells, and subsequently subjecting the lysed cells to 
centrifugation resulting in a first pellet comprising cell wall 
and flagellar components and a first supernatant comprising 
outer membrane components, 

10 b) incubating the first supernatant from step a) under conditions 
sufficient to precipitate at least part of the proteins of the 
first supernatant followed by centrifugation so as to obtain a 
second pellet comprising fraction E and a second supernatant, 

c) subjecting the second supernatant from step b) to filtration and 
15 dialyzing the supernatant against an aqueous medium with a low 

ionic strength or subjecting the supernatant to ultrafiltration 
so as to substantially remove the mild non-denaturating deter- 
gent and complex 3. burgdorferi derived cell components in the 
dialysis bag or in the filtrate resulting from the filtration. 

20 d) centrifugating the contents of the dialysis bag so as to obtain 
a third pellet comprising fraction B and a third supernatant 
comprising fraction C. 

17. A method according to claim 16, wherein the mild non-denaturating 
detergent used in step a) is a non-denaturating water-dialysable 

25 detergent selected from the group consisting of a non- ionic, a zwit- 
terionic and an anionic detergent. 

18. A method according to claim 17, wherein the mild non-denaturating 
detergent is octyl-0- D- glucopyranoside (OGP) . 



30 



19. A method according to any of claims 16-1S, wherein the lysis with 
the detergent is performed at a temperature in the range of about 20- 
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6C-C such as a Temperature in the range of about 25-50'C. oreferablv 
a temperature in the range of about 30-40°C. e.g. abo ut 37'C 

20. A method according co any of cla . Es 161? whereia ^ concencra _ 

tion or the mild non-denaturating detergent is ln che range of abou „ 
5 O.L-22 such as 0.2-U. 

21. A method according to claim 16. wherein the intubation in step b) 
is carried out at a temperature in the range of about 45-65«C. pre- 
terably about 50-60'C such as about 56°C. 
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22. A method according to claim 16. wherein the aaueous medium 
against which the dialysis in step c) is carried out is water, e.g. 
tap water, demineralized water, or destilled water. 

23. A method according to claim 16. wherein fraction E obtained in 
step b) is further purified by incubation with a detergent such as 
sodiu, lauryl sarcosinate (Sarkosyl) . centrif ugation of the incubated 
mixture resulting in a fourth pellet and a fourth supernatant and 
subsequently diaiysing the supernatant against a detergent -removing 
agent such as an alcohol, e.g. methanol, the alcohol preferably being 
in an aqueous solution in a concentration of 10-25% (v/v) so as Co 
substantially remove the detergent, and subsequently centrifugating 
tne contents of the dialysis bag resulting in a third pellec comoris- 
ing che purified fraction E. 

24. A method according to any of claims 16-23. in which the second 
supernatant obtained in step b) is subjected to filtration e g 
alCr ° filtraCi °" su <* « filtration through a membrane with a pore 
diameter of at the most about 2.0 m , such as at the most about 
0-60 preferably at the most 0.45 m , or at the most about 0.2 ,m. 

25. A method according to any of claims 16-24. which is carried out 
substantially as described in Example 1 herein. 

26. A BKA fragment encoding the 31 kd OspA protein of S. burgdorferi 
30 of the New York strain B31 (ATCC 35210). which DNA fragment further 
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contains the 5' -end of the ospA gene or any modi; icaricr. thereof 
encoding a polypeptide which is functionally equivalent to OspA. 

27. A DNA fragment according to claim 26 having substar.tiallv the 
sequence shown in Fig. 5 or a part thereof. 

5 28. A vaccine for immunizing a mammal, including a human being. 

against Lyme disease and related disorders, the vaccine comprising an 
immunogenically effective amount of any one or more of fractions B. C 
and E as defined in claims 1-15 or combinations thereof together with 
an immunologically acceptable carrier or vehicle. 

.10 29. A vaccine which comprises an immunogenically effective amount of 
one or more polypeptides encoded by the DNA fragment according to 
claim 26 or 27 or one or more of the proteins contained in fraction 
B. e.g. one or more of the 20. 21. 29. 31. 34, 39. 59. 66. 68 and 
85 kd proteins of B. burgdorferi New York strain B31 (ATCC 35210) or 
similar proteins isolated from other B . burgdorferi strains or a 
combination of the polypeptide(s) and protein(s) , and an immunoge- 
nically acceptable carrier or vehicle. 

30. A vaccine according to claim 28 or 29. wherein the carrier or 
vehicle is selected from macromolecular carriers such as a polymer, 
e.g. a polysaccharide or a polypeptide. 

31. A vaccine according to any of claims 28-30. which additionally 
comprises an adjuvant. 

32. A vaccine according to claim 31. wherein the adjuvant is selected 
from the group consisting of Freund's complete or incomplete adju- 

25 vane, aluminum hydroxide, a saponin, a muramyl dipeptide, and an 
oil. 



33. A vaccine according to claim 29. wherein said polypeptide is pro- 
duced by recombinant DNA techniques or by solid or liquid'phase pep- 
tide svnthesis. 
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34. A vaccine according co claim 29. wherein the proteins are re- 
covered from fractions B, C and E. 

35. a vaccine according to claim 34, wherein the proteins are re- 
covered from fractions B, C and E by use of inununoaf f inity chromato- 

graphy . 
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or- 



36. A live vaccine for immunizing a mammal, including a human being 
against Lyni e disease and related disorders, the vaccine comprising a 
non-pathogenic microorganism carrying and being capable of expressing 
the DNA fragment according to claim 26 or 27. 

37. A fraction of B. burgdorferi spirochaetes selected from fractions 
3. C and E according to any of claims 1-15 or a polypeptide encoded 
oy cne DNA fragment according to claim 26 or 27 for use in immuniza- 

tion against Lyme disease. 

38. Use of a fraction of 3. burgdorferi spirochaetes selected from 
fractions 3. C and E according to any of claims 1-15 or a polypeptide 
encoded by the DNA fragment according to claim 26 or 27 for preparing 
a composition for the immunization against Lyme disease. 

39. A diagnostic agent for the detection of B. burgdorferi antibodies 
in a sample, which comprises one or more fractions of 3. burgdorf— 
spxrochaetes selected from fractions B, C and E according to anv of 

claims 1-15. 



.40. A diagnostic agent for the detection of B . burgdorferi antibodies 
m a sample, which comprises one or more polypeptides encoded by the 
DNA fragment according to claim 26 or 27. or one or more of the pro- 
2^ terns of fraction B. or a combination of one or more of these poly- 

peptides and proteins. 

41. A diagnostic agent according to claim 39 or 40 which is provided 
with a label. 
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10 



42. A diagnostic agent according to claim 41, whereir. the label is < 
non-animal, including non-human origin, e.g. being of plant origin. 



43. A diagnostic agent according to claim 42, in which the label is 
a peroxidase, such as a horseradish peroxidase. 

44. A diagnostic agent according to any of claims 39-43, which is 
coupled to a solid support. 

45. A diagnostic agent according to claim 44, wherein the solid 
support is selected from plates, strips, beads, film and paper. 

46. A method of determining the presence of B. burgdorferi antibodies 
in a sample, the method comprising incubating the sample with a 
diagnostic agent according to any of claims 39-45 and detecting the 
presence of bound antibody resulting from said incubation. 

47. A method according to claim 46, wherein the sample is selected 
from a human or animal body fluid such as blood, seruir : , plasma, 

15 urine, cerebrospinal fluid, joint fluid and pericardial fluid or from 
a human or animal tissue, or suspensions or homogenates of these as 
veil as an anthropod tissue. 

4S. An antibody which is directed against one or more of the frac- 
tions B, C or E of S. burgdorferi spirochaetes defined in any of 
20 claims 1-15. 

49. An antibody which is directed against the polypeptide encoded by 
the-DNA fragment defined in claim 26 or 27. 

50. An antibody according to claim 48 or 49, which is a monoclonal 
25 or polyclonal antibody. 

51. A composition for the passive immunization of an animal, includ- 
ing a human being, against diseases caused by 3. burgdorferi, which 
comprises,^ *,nt.ibody according co- any of claims 48-50 and a suitable 
carrier or vehicle. 
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52. Use of the ar.cibotiy defined in any G f 
sive immunization of an animal, includin- a » 
diseases caused by 3. burgdorferi. S 



claims 48-50 for the Das- 



53. use of che antibody defined in any of claims 48 . 50 f ^ 

> ration of a composition for che passive immunization of " 
including a human bein 6 . ag ainst diseases caus ^ ' 

ea Dv s - burgdorferi. 

54. A method of passive immunization of an ani^l ■ n 

being, , g ainst diseases caused by B bur l rf . lnClUding * ^ 

administering to the animal an eff ct ve ' ^ C ° mPriS6S 

10 position according to claim ^"""^ ^ <>f a com- 

55. A method of determining the presence of a B bu-r« n ' ■ 

- . .-pi.. *. ^ „„ Prisi „ 6 lMubaci „ s ch ; I";;;-- 

bound antlse „ „ sulcins fro „ . ncubation «»» <>" pr e«„ ce of 

15 56. A .^hod ,ocordi„ g M cUta 5S , ln „ h . ch 

to a solid support. 7 coupled 

« .7-° d >c : ordlns m ci * in in vhich *• ~»« .»p.rt i. 

..!.«.<. ; r0 „, pUt .,, s:rlps , beads , fUn and 

58. A «e;hod .ceordlng co cUi» 57. in „ hich ,. . .. 
PoLwinncMo.d,. „ yl0 „. cellulos «, .i^;^ £*">™" « 

59. - A method according to any of claims 55-58 ^ • - 

is provided with a label. ' ^ ^ 

60. A method according to claim 59. in vhich the ^ ' 

<- = from enzvmes, fluoresces «„h t - selected 

iuorescers, and complexmg agents such as biotin. 

61. A method according to rl a i» w • - . , 
mg to claim 60. m which the label is of 



animal., inciting non-human origin, e.g. of pW ori 



non- 
gin. 
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62. A method according to claim 61, in which the label is a peroxida- 
se, such as a horseradish peroxidase. 

63. A mechod according to claim 55. in which the sample is incubated 
with a first antibody selected from the antibodies of anv of claims 

5 48-50 coupled to a solid support and subsequently with a second anti- 
body selected from the antibodies of any of claims 48-50 provided 
with a label, e.g. a label selected from enzymes, fluorescers, and 
complexing agents such as biotin. 



10 



15 



20 



25 



30 



64. A method according to claim 55, in which the sample is incubated 
with the antibody defined in any of claims 48-50 coupled to a solid 
support and subsequently with a polypeptide encoded by the DNA frag- 
ment according to claim 26 or 27 provided with a label and/or with 
fractions B, C or E according to any of claims 1-15. in which frac- 
tions immunologically active components are provided with a label. 

65. A method according to claim 55, the method comprising incubating 
the sample with the antibody defined in any of claims 45-50 coupled 
to a solid support and subsequently with a polypeptide encoded by the 
DNA fragment defined in claim 26 or 27 provided with a label, or 
wherein the sample is incubated with an immunologically active com- 
ponent of fraction B, C or E defined in any of claims 1-15, 0 r a 
polypeptide encoded by the DNA fragment defined in claim 26 or 27 
coupled to a solid support and subsequently with the antibody defined 
in any of claims 48-50 provided with a label. 

66. A mechod according to any of claims 55-65. in which the sample is 
selected from a human or animal body fluid such as blood, serum, 
plasma, urine, cerebrospinal fluid, joint fluid and pericardial fluid 
or from a human or animal tissue or suspensions or horaogenates of 
these as well as an anthropod tissue. 

67. A diagnostic agent for the diagnosis of B. burgdorferi infection 
in humans and animals, the agent comprising a DNA sequence homologous 
to a DNA ..sequsnce- encoding an immunological active component from 3. 
burgdorferi . 
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68. A diagnostic agent according co claim 67. ln whieh che DN , ^ 
quence encodes an immunological active protein such as an out., 
membrane protein from 3. b ur S aorferi, the DNA seouence hein- -he 

DNA sequence defined in claim 26 or 27. ° & 



5 69 



A method of diagnosing B. burgdorferi infection in humans and 
annals, which method comprises reacting a sample from the human or 
Che animal with the DNA fragment according to cl 4 im 26 or 27 and 

detecting the presence of at least part of th* nw* 

parc ot the DNA sequence shown in 

tig. 5 m the sample. 

10 70. A „« ch od accordins C o cUl„ 6,. ln uhieh ch . D „ A nt ^ 

vxd«l vich . .... . label £elec „ d from 

and complexing agents such as biotin. 

71. A method according to claim 69 or 70. which involves the use of 
the polymerase chain reaction procedure. 

15 72 A method according to any of claims 69-71. in which the samole is 
selected from a human or animal body fluid such as blood « eniB 
Plasma, urine, cerebrospinal fluid, joint f lu id and pericardial ' fluid 
or rrom a human or animal tissue or suspensions or homogenates of 
cnese as well as an anchropod tissue. 
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Fig. 2 
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Fig. 3a 
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Fig. 5 

AAGCTTAATTAGAACCAAACTTAATTAAAACCAAACTTAATTGAAGTTATTATCATTTTi 



60 



TTT ™ TTCAATT T?CTAT2^^ 

P1 P2 "~P1 P2~ """1 2 0 



OspA- 
1 



10 

MetLysLysTyrLeuLeuGlylleGlv 
AATATATTATGAAAAAATATTTATTr..-^ n TS r,; 

RBS 

30 



KTTATATTAATATAAAAG^TATATTA^^ 




240 

40 



SerValAspLeuProGlyGluMetLysValLeuValSerLvsGluLvsAsnLvsA^nr?v 
TCAGTAGATTTGCCTGGTGAAATGAAAGTTCTTGTAAGCAAAGAAAA^AACA^AGAC^ 



300 

60 



LysTyrAspLeuIleAlaThrValAspLysLeuGluLeuLvsGlvThrS-rAsnLvc^-, 

aagtacgatctaattgcaacagtagacaagcttgagcttaaaggaact?^gS 



360 

80 



AsnGlySerGlyValLeuGluGlyValLysAlaAspLvsSerLysValLvsLeu'-->-T?, a 

aatggatctggagtacttgaaggcgtaaLgc^^ 

on 



420 

100 



1UU TIP 

^^ s?As P LeuG1 y GlnT ^ThrLeuGluValPheLysGluAs D GlvLvs^hr T a .-^i 
TCTGACGATCTAGGTCAAACCACACTTGAAGTTTT^ 



430 

120 



^;>;! LysValThrSerL y sAs P L y sSerSe rThrGluGluLysPheAsnGTuLvsGlv 



540 

140 



GAn " A -" T ^ * GA *AAAATAATAACAAGAGCAG ACGGAACCAGACTTGAATACACAGG AATT 



600 

160 



AAAAGCGATGGATCTGGAAAAGCTAAAGAGGTTTTAAAAGGCTATGTTCTTGA^GG 




o 
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MQ. D (continued) 



180 t_9 0 

LeuThrAlaGluLysThrThrLeuValValLvsGluGlvThrValThrLeuSe'-LvsAsn 
CTAACTGCTGAAAAAACAACATTGGTGGTTAAAGAAGGAACTGTTACTTTAAGCAAAAAT 

720 

200 210 

IleSerLysSerGlyGluValSerValGluLeuAsnAspThrAsDSerSerAlaAlaThr 
ATTTCAAAATCTGGGGAAGTTTCAGTTGAACTTAATGACACTGACAGTAGTGCTGCTACT 

780 

220 230 
LysLysThrAlaAlaTrpAsnSerGlyThrSerThrLeuThrlleThrValAsnSerLys 
AAAAAAACTGCAGCTTGGAATTCAGGCACTTCAACTTTAACAATTACTGTAAACAGTAAA 

840 

240 250 
LysThrLysAspLeuValPheThrLysGluAsnThrlleThrValGlnGlnTyrAspSer 
AAAACTAAAGACCTTGTGTTTACAAAAGAAAACACAATTACAGTACAACAATACGACTCA 

900 

260 270 
AsnGlyThrLysLauGluGlySerAlaValGluIleThrLysLeuAspGluIleLysAsn 
AATGGCACCAAATTAGAGGGGTCAGCAGTTGAAATTACAAAACTTGATGAAATTAAAAAC 

960 

OspB > 

1 10 
AlaLeuLys*** MetArgLeuLeuIleGlyPheAlaLeuAlaLeuAlaLeu 
G CTTT AAAAT AAGGAGAATTT ATG AG ATT ATT AAT AGG ATTTG CTTTAG CGTT AG CTTT A 
UBS 1020 

20 30 

IleGlyCysAlaGlnLysGlyAlaGluSerlleGlySerGlnLysGluAsnAsDLeuAsn 
ATAGGATGTGCACAAAAAGGTGCTGAGTCAATTGGTTCTCAAAAAGAAAATGATCTAAAC 

1080 

40 50 

•LeuGl-uAspSerSerLysLysSerHisGlnAsnAlaLysGlnAspLeuProAlaValThr 
CTTGAAGACTCTAGTAAAAAATCACATCAAAACGCTAAACAAGACCTTCCTGCGGTGACA 

1140 

60 70 
GluAspSerValSerLeuPheAsnGlyAsnLysIlePheValSerLysGluLysAsnSer 
GAAGACTCAGTGTCTTTGTTTAATGGTAATAAAATTTTTGTAAGCAAAGAAAAAAATAGC 

1200 

80 90 
SerGlyLysTyrAspLeuArgAlaThrlleAsoGlnValGluLeuLysGlyThrSerAsp 
TCCGGCAAATATGATTTAAGAGCAACAATTGATCAGGTTGAACTTAAAGGAACTTCCC-AT 

1260 

100 no 



WO 90/04411 PCT/DK89/00248 
W 5/25 ™ 

MCJ. 5 (continued) 

120 130 
ThrValSerAlaAspLeuAsnThrValThrLeuGluAlaPheAsDAlaSerAsnC-i rLvs 
ACAGTTTCTGCTGATTTAAACACAGTAACCTTAGAAGCATTTGATGCCAGCAACCAAAAA 

1380 



140 150 

IleSerSerLysValThrLysLysGlnGlySerlleThrGluGluThrLeuLysAlaAsn 
ATTTCAAGTAAAGTTACTAAAAAACAGGGGTCAATAACAGAGGAAACTCTCAAAGCTAAT 

1440 

160 170 

LysLeuAspSerLysLysLeuThrArgSerAsnGlyThrThrLeuGluTyrSerGlnlle 
AAATTAGACTCAAAGAAATTAACAAGATCAAACGGAACTACACTTGAATACTCACAAATA 

1500 

180 190 

ThrAspAlaAspAsnAlaThrLysAlaValGluThrLeuLysAsnSerlleLysLeuGlu 
ACAGATGCTGACAATGCTACAAAAGCAGTAGAAACTCTAAAAAATAGCATTAAGCTTGAA 

1560 

200 210 
GlySerLeuValValGlyLysThrThrValGluIleLvsGluGlyThrValTbrLeuLys 
GGAAGTCTTGTAGTCGGAAAAACAACAGTGGAAATTAAAGAAGGTACTGTTACTCTAAAA 

162 0 

220 230 
ArgGluIleGluLysAspGlyLysValLysValPheLeuAsnAspThrAlaGlySe*-Asn 
AGAGAAATTGAAAAAGATGGAAAAGTAAAAGTCTTTTTGAATGACACTGCAGGTTCTAAC 

1680 

240 250 

LysLysThrGlyLysTrpGluAspSerThrSerThrLeuThrlleSerAlaAsDSe-Lvs 
AAAAAAACAGGTAAATGGGAAG AC AGTACTAG CACTTTAACAATTAGTG CTGAC AG CAAA 

1740 

260 270 
LysThrLysAspLeuValPheLeuThrAsDGlyThrlleThrValGlnGlnTyrAsnTh- 
AAAACTAAAGATTTGGTGTTCTTAACAGATGGTACAATTACAGTACAACAATACAACACA 

1800 

280 290 
AlaGlyThrSerLeuGluGlySerAlaSerGluIleLysAsnLeuSerGluLeuLysAsn 
GCTGGAACCAGCCTAGAAGGATCAGCAAGTGAAATTAAAAATCTTTCAGAGCTTAAAAAC 

1360 

AlaLeuLys*** 

•GCTTTAAAATAATATATAAGTAAACCCCCTACAAGGCATCAGCTAGTGTAGGAAG 

> < 



o 



( \ 
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Residues and pK values 
taken in account in the 
computation. 

N-ter (+) Met, pK: 9.21 
C-ter (-) Lys, pK: 2.16 

Arg (+) : 2, pK: 12.48 
Lys (+) : 43, pK:. 10.79 

Asp (-) : 18, pK: 3.65 

Glu (-) : 23, pK: 4.25 

Cys (-) : 1, P K: 8.35 

Tyr (-) : 5, pK: 10.13 

Isoelectric point: 9.4 



, 8 (continued) 
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Normal composition table. 



********* 




* * * * * 


* * * * 


****** 


* Code 




Nb 


* 


% 


***********************. **i 


jri JL d 




l o 


* 


A 1 






Z 


* 


. / 


^ Aon 
noil 


★ 


1 ? 
1 «j 


* 


A *7 






1 Q 
1 0 




b * d 






1 






* n n 

in 




/I 
H 




1 . 4 


<olu 


lie 


0 9 

Z.J 


* 


Q /I 






Z Z 




q n 
o * U 


nio 




n 
u 


* 


n 
. U 


lie 


* 


1 1 


* 


A ~7 

H.I 


Lieu 


•A- 


o o 

zo 


JL 


10.2 


* Lys 


* 


43 


★ 


15.7 


* Met 


★ 


2 




.7 


* Phe 


★ 


3 




1 . 0 


* Pro 


★ 


1 


★ 


.3 


* Ser 




27 




9.8 


* Thr 




30 




10 . 9 


* Trp 


★ 


1 




.3 


★ Tyr 


★ 


5 




1 . 8 


* Val 




24 


•* 


8.7 



"J 



WO 90/04411 



PCT/DK89/00248 



14/28 



Fig. 10A 



PROTEIN SECONDARY STRUCTURE PREDICTION BY 
THE METHOD OF GARNI ER 

Done on sequence OSPA. 

DC 
OS 

Total number of residues is: 273. 
Analysis done on the complete sequence. 



In Helical 
In Extended 
In Turn 
In Coil 



(H) conformation (DC = 

(E) conformation (DC = 

(T) conformation (DC = 

(C) conformation (DC = 



-75 CNAT ] 

-88 CNAT ] 

0 CNAT ) 

0 CNAT 1 



153 AA => 56.0% 

75 AA => 27.4% 

15 AA => 05.4% 

30 AA => 10.9% 



Sequence shown with conformation codes. 



Consecutive stretch of 5 or more residues 
in a given conformation are overlined 

1 HHHEEEEEEEEHHHHHHHHEEEEHHHTEEE 

31 IeeehOhOhhhhhhhhhhhhe E E H H H H H 

61 HHHHHHCTTTCCCEEEEHHHHHHHHHEEEE 

91 EETCCHHEHHHHHHHHHHHHHHHEHHHTCC 

121 HHHHHHHHHHHHHHHHEEEHTCCEE. E" E E E E 

151 EC T C C CHHHHHHHS E E EHHHHHHHHHHHE H 

181 HHEHHHHEECCCCCCEEEEEHHHHHHHHHH 

211 H H H -HE- ECCCCCEEEEEEHCTTHHEEE.HHHH 

241 TTEEEEEETTTCCCCHHHHHHHHHHHHHHH 
271 H h K 
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Se~i -graphical output. 

Syr±;cls usee in the serr.i-graphicai representation: 

Helical conformation: X Extended conformation: - 

Turn conformation: > Coil conformation: • 



10 20 30 40 ' 50 

I I I I I 

MKK.yLLGIGLILALIACKQN\'SSLDEKNSVSVDL?GEMKVLVSXEKNKDG 

XXX XXXXXXXX XXX > -xxxxxxxxxxxxxxxx 

XXX XXXXXXXX xxx> xxxxxxxxxxxxxxxx 

60 70 80 90 100 

I I I I.I 

KYDLIA7VDKLELKGTSDKNNGSGVLEGVXADKSKVKLT:SDDLGQTTLE 

XX — -xxxxxxxxxxx •»>••• xxxxxxxxx > • * xx - xx 

XX — xxxxxxxxxxx* »> « • « xxxxxxxxx >• * xx-xx 

110 120 130 140 150 

' 1 I I I 

VrKSDGKTLVSKKVTSKDKSSTESXr NEKGEVSEKIITRADGTRLEYTGI 

xxxxxxxxxxxxx-xxx> • • xxxxxxxxxxxxxxxx — x> • * 

xxxxxxxxxxxxx-xxx> - • xxxxxxxxxxxxxxxx- — x> - 

160 170 180 190 200 

I I I I I 

KSDGSGKAKEVLKGYVLEGTL7AZKTTLWKZGTVTLSXNISKSGEVSVE 

-•>»«« xxxxxxx XXXXXXXXXXX-XXX-XXXX-- « • • • • • 

-•>«-• xxxxxxx — -xxxxxxxxxxx - XXX - xxxx 

210 220 230 240 250 

•ill) 
LNDTDSSAATKKTAAWNSGTSTLTITVNSKKTKDLVTTKENTITVQQYDS 

xxxxxxxxxxxxxx » x * » XX — xxxx » » 

XXXXXXXXXXXXXX— x*»XX— xxxx» » 

260 270 

I I 

NG7KLEGSAVEITKLDEIKNALX 

> * • * * xxxxxxxxxxxxxxxxxx 

> * * * * xxxxxxxxxxxxxxxxxx 



Fig. 10B 
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Fig. 13 



POSIiION AND SEQUENCE OF PREDICTED BETA, TURNS 

Done on sequence OSPA. 

DE 
OS 

Total number of residues is: 273. 
Analysis cone on the complete sequence. 

The symbols used in the following two tables are: 

?(t) : tne probability of bend occurrence 
I ?(w = f (i)*f(2)*f(3)*f(4) ]. 

<?t>, <?a> 6, <Pb> : the average conformational Doter.t 
ror tne tetrapeptide to respectively be in the 
oeta-turn, alpha-helix and beta- sheet conformation. 



WO 90/04411 PCI7DK89/00248 



r*ICJ. "13 (continued) 
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F"iCJ. 13 (continued) 



CO 

c 
u 

CO 

CD 

CU 

4-1 

U 
-H 
"O 

0) 

a 

4-1 

o 

<v 

«— H 

ra 



< 

O 
i— t 
* 

a-) 



CD 

-a 



a 
<u 
a 

u 
u 
CU 
r- 1 



A 1 


CO 


m 


CO 


00 




ao 


vo 


CTi 




a. i 




r- 


VD 


r- 


V 1 










A 1 


CO 


lD 


CO 


CO 


fO 1 


r- 






VD 


Ou l 


cr> 




• 




V 1 










A 1 


GO 


00 






U 1 


rH 


LD 




CO 


CU 1 


CN 


rH 


• 


• 


V 1 


• 


• 


rH 


rH 




rH 


rH 







o CPi 



o 



CO 


m 


00 


to 




co ro 


LO 




tO 








ro 


(Ts 






r- 


CO 


• 


• 


CO 
• 


CO 


m 


ro 








rH 


i— i 


o 








<?\ m 




CO 






• 


• 


* 


• 



LO 


CO 


CO 


CO 


to 


00 


CO 


CO CO 


ao 


r- 


rH 


LO 


CM 




r- 


CN 


to o 




o 


rH 


PO 


ro 


CN 


CO 


CM 


CN lO 


CO 


rH 


rH 


rH 


rH 


rH 


rH 


rH 


rH rH 


rH 



VDiDVflVDr-COCNHCOVDO\nfOCT> 

HHCNfMHHcsinHnt-tHinH 



HH I) 

CD CD CO 

I I I 
to a>i 

>l CO r-i 

I 



I 

3 



cd 

I 

c 

CO 



CD 

I 

a 

■-I CO 

< < 

I I 
u cu 

< CO 



co >-i 

J £- 
I I 

rH rH 

CD CD 

I t 



CU >i M fO 

co < 

a u 

CO 0) 



u 

0) 
CO 

I 



CO 

I 



rH 0) 
CD rJ 



m CD 

I I 

C >-i 

CO CU 

< CO 

I I 

CO CO 
>i >n 

rH" J 
I I 

CU CU 

CO CO 



I 
I 



CO 

I 

0) 
CO 
I 



u u 

I I 

rH QJ 

CD CO 

I I 



CO >, 

>.rH 
rH* CD 
I I 
CO C 

>. CO 

•J < 



H 
I 



CO CO 



u 

CO 
I 

c 

CO 



u 

I 

>t 

rH 
CD 



I 

CU 



I 

U 
CU 



CO CO 

I I 
c 

CO 



I 

c 

CO 

< 
a n 

CO CU 
< CO 



o 


O 


CN 


to r- 


to 


rH 


LO 


vd 


CO 


o 


CN 


rH 


CN 


CO 




fO 




to 


to 






CT> 


o 


o 


CN 


CN 


CO 


to 


LO 




rH 


rH 


rH 


rH 


rH 


rH 


rH 


CN 


CN 


CN 


CN 


CN 


CN 


CN 




1 


1 


1 


! 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


■e 




CN 




CN 


CO 


CN 


ro 


to 




cn 


CO 


CTi 


o 


o 


1 CN 


CO 


lO 


to 


VD 


CO 


a\ 


o 


o 


rH 


rH 


CN 




to 


u 
















CN 


CN 


CN 


CN 


CN 


CN 


CN 




VD 


r- 


CO 




O 


rH 


CN 


CO 




to 


VD 


r- 


ao 


a>i 


z 


rH 


rH 


rH 


rH 




CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 


CN 



(} 




WO 90/0441 1 



PCT/DK89/00248 



2 3/2 5 



CD 405 



1.4 



i.2 



i.O 



0.8 



0.6 



0.2 



« • 



• • • 
« • • • • 



borreJj'osjs borreJIosIs 



Cut off 



HeaJth y 
con troJs 



Fig. 14 



WO 90/04411 



PCT/DK89/00248 



Fig. 15 



25/28 



o 

cd 
U 
4J 

X 

0) 

♦H 

P- 
•H 




CO 
CM 



o 

CO 
•H 

CO 
>^ 

i~l PQ 
Cd 

C • 

CO J-l 

o 

rC co 

o c 

cd 

S cq 
o 

o <w 

CD I 

cd o 



PQ 



PQ 



53 
O 



M-4 U 
4-I 



<3 co 

< PQ 

6 E 

o o 

4-) 4J 

a o 

cd cd 

u u 

u v 

X X 

CD 0) 

•J hJ 



c 

cd 

g 

o 

4J 

o 
cd 

0) 



o 

cd 



H 
P-i 



a) 
cd 



cd 

4J 

o 



<D 

cd 



I CM CO 



CD CD 

c c 

cd cd 



CD 

C 
cd 
•J 



•H 

4J 

CD 



•H 

CJ 

cd 
o 

•H 

U 

CD 
O 

cd 

* • 

u 

CD 

c 5 

*H CD, 

0) .a 1 

PU 4-) 
O CD 
•H 

■•a 



CD 

> 

CD 

CO 

cd 



CD • • 

C O 

cd CN 

CD O 

rC CO 



4-> 

C 

(D 

b0 

cd 

CD 

U 

CD 
CD 

co xJ 

Cd rH 

£ cd 
w 

CD »H 

cd cd 

rH 

Pu CD 
0) 

cd 4J 

• ..5s 

c " 

•H T3 

.is cd 
±-> c 

•H 

0 cd 
H co 



4ft 



0) 



WO 90/04411 



PCT/DK89/00248 



27/28 



g 

o 

5-1 
V 

o 

CO 

u 
* 

•d 

•H 

P-i 
•H 
t-H 

4-i 

O 

CO 
♦H 

CO 

cd 

c 

cd 

O PQ 
•H 

cd 4-1 

bO ^ 
O cn 
4J • 

03 tf> 



S 

o 
a 



c 

cd 

CQ 



U 

CU • 

^ U 

cd 4-i 



P ■ 
•h < 
-G O 



co 
a) 

_ a 

T3 cd 

•h ^ 
•h s 

r-l 0) 

O g 
G a) 

co o 
o n 
o ,c 

>^ 4J 
bO J-i 

cu 




4-1 M 
4-1 



O 

cd 



S 
o 



C O 

t-H 4J 

Cd O 

4J Cd 

o u 

H 4-1 



CU 

c 

cd 

.J 



< « 

s g 

o o 

4-4 4-1 

4-> 4J 

O O 

cd cd 

u u 

4J 4-> 

a) a) 

P- P< 



P 
cd 

PS 

O 

4-1 

4J 
O 

cd 
X 

0) 

*d 

•H 

PU rH 
•H PU 



O 

5-1 
CD 



O 
►J 
H 



cu 

4J 

cd 



o 
> 



cd 
o 



CU 

cd 



cm ro 

cu cu 

c c 

cd cd 

.J J 



P 

4J 

CU 

p cu 

cd ,C 
»J H 



CM 

• • 

in 



cu 
4J 
cd 



o 

^ P 

p cd 

•d cu 

cu s 

O S 

r-l U 

CU JO 

> 4-1 

CU O 

O 

CO r-i 

Cd rC 



4J 

p 

CU 

cd 

CU 

u 

CU 

rC 

CU 

CO 'O 
Cd i-H 

£ cd 

CO 

CU «H 
4-> P 

cd cd 
a- cu 

U U 

CU 

Cd 4J 

i—l «H 

CU 

P 
•H 

cu cd 
H co 



43 

4-> 



CO 



! CM 



Fig. 16 



WO 90/0441 1 



2S/28 



PC17DX89/00248 



123456789 




Fig. 17 



INTERNATIONAL SEARCH REP<^^ 

International Application No PCT/DK 89/00248 



I. CLASSIFICATION OF SUBJECT MATTER fit caseation .yno 0 „ aoo<y , , fl d,caia sM) * 



Accorctng to Intarnat.ona* r.tent Castration (IPC) or to both National Ciaee.f.cation and IPC 

IPCS: A 61 K 39/02, G 01 N 33/569, C 12 Q 1/68, C 07 K 15/04 
CUP 21/02 

11. FIELDS SEARCHED " " " 



. M inimum Oocumantation Searcned ' 

Claiaificatii.-. o»item 



Classification Symbols 



!PC5 A 61 K; C 07 K; C 07 H; G 01 N 

Oocumantation Saarcnad other than Minimum Oocumantation 
t0 th « Extent that auch Oocumanta ara Includad In tha Flslda Searched • " 



SE,DK,FI,N0 classes as above 



III. DOCUMENTS CONSIDERED TO BE RELEVANT* 

Citation ol Document, " with Indication, whara appropriate, of tha relevant passages « 



Category * 



| Relevant to Claim No. 



US, A, 4721617 (RUSSELL C. JOHNSON) 
26 January 1988, 
see the whole document 



EP, Al, 0252641 (MINNESOTA MINING AND 

MANUFACTURING COMPANY) 13 January 1988, 
see especially the claims and the 
examples 



Methods in Enzymology, Vol. 70, 1980 Helen Van 
Vunakis and John J. Langone: "Enzyme 
Immunoassay ELISA and EMIT ", 
see page 419 - page 439 



Science, Vol. 230, 1985 R Saiki et al: "Enzymatic 
Amplification of -Globin Genomic Sequences and 
Restriction Site Analysis for Diagnosis of 
Sickle Cell Anemia " , see page 1350 - 
page 1354 



4-5 



45-50, 
52,53- 
63,36- 
44 



36-51, 
53-63 



67-69 



• Spacial categoriee ol citad oocumanta: 

"A" document dettmng tha general stata of tre en which is not 
connosrad to oa oi particular relevance 

"E" document but publisnad on or after tha intarnational 
Tiling data 

-L" document wmcn may throw doubta on onority clalm(a) or 
r.r.f.CLJ* C,t,<s :a ••«oii«h tha ouolication data ot anotnar 
citation or otnar toactal raaaon (aa specified) 

"°" iff!!! 7 ]!™ f#Ufnnfl lo «" diacioaura. usa. sihibltion or 
otner meant 

" P " f-^, U ?l* nt ° u0,i,h * d onor to tna intarnational filing data but 
■atar than tha priority oata claimao 


T latar oocumant publlehsd attar tha Intarnational filing data 
or priority data and not in conflict with tha application but 
cuad to unoaratand tha prmciola or tftaory underlying tha 
invention 

"X- documant of particular ralavanca; tha claimad invention 
cannot ba conaioarad novel or cannot b« conaioared to 
involve an inventive atap 

"Y" oocumant of particular ralavanca: tha clalmao invention 
cannot oa conaioarad to involve an invantiva itao wnen tha 
documant ta comomad with ona or mora othar aucn oocu- 
manta. sucn combination batng oovioua to a parson suited 
in tna art 

"4T document msmber of tha sama oataftt family 


IV. CERTIFICATION " — 


Oata ot tha Actual Completions* m* lo/«rnatlon«l Search i 

26th January 1990 


. Date *f bailing -of this International Search ^*©\m 

1990 -ot- 3 f 


Intarnational Searching Authority " ~ 

SWEDISH PATENT OFFICE i 


Mikael G:son-'Bergstrand 


Form PCT/ISA/210 iiacono anaat) (January 1965) 



Intcrruiloncl Ao! 



No * PCT/DK 89/00248 



I". DOCUMENTS CONSIDERED TO SE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Category * 



Citation of Document, witn indication. *Twr» tooroonate. of tr* rawvint pautQes 



Rfl»vint to Cl«im No 



Dialog Information Services, File 55, 

8I0SIS, Dialog accession no. 83119038, 
Coleman J I, Benach J L: "Isolation of 
antigenic components from the Ivme di- 
sease spirochete their role in early 
diagnosis", J Infect Dis J 5 5 ( 4 ) 1987 
756-765 

See the abstract 



1,11 



Dialog Information Services, File 55, 

BIOSIS, Dialog accession no, 85112348 
Grodzicki R I , Steere A C: "Comparison 
of immunoblot t ing and indirect elisa 
using different antioen preparations 
for diagnosing early Ivme disease", 
J Infect Dis 157 (4), 1988, 790-797 
See the abstract 



4,5,11 
36-51 , 
53-63 



Dialog Information Services, File 55, 

BIOSIS, Dialoq accession no. 8710&980 
Maonarelli L A, Anderson J F, Barbour' 
L G: "Elisa for- lyme disease reactivity 
of subunits of borrel ia-burgdor f er i " 
J Infect Dis 159 ( 1 ), 1989 /^3-49 



Dialog Information Services, File 55, 

BIOSIS, Dialog accession no. 83013443. 
Howe T R, Laquier F.W, Barbour A G: 
"Organization of genes encoding two 
outer membrane proteins of the lyme 
disease agent bo r re 1 i a -Bu r ado r f e r i 
.within a single transcriptional unit", 
Infect Immun 54 (1), 1986, 207-212 
See the abstract 



1,11, 
36-51 
53-63 



23-35 
64-66 
67-69 



Dialog Information Services, File 55, 

BIOSIS, Dialoq accession no. S5089670 
Barbour A G: "Plasmid analvsis of Borre 
lia-burgdorferi the lyme disease aqent" 
J Clin Microbiol 26 (3), 1988, 475^478 
See the abstract 



PCT ISA.210 iextra tn««() (Jtnuvy ifla5) 



International AooUcatfl 



PCT/DK 89/00248 



Itl. DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECONO SHEET) 



Category 4 



Citation of Oocumont. witn indication, wrwv aofxoonate. of tr* r«4«vant otssao«$ 



Relevant to Clatm No 



Dialog Information Services, File 55, 

BIOSIS, Oialog accession no. 3 7208527 
Coleman J L, Benach J I, 3eck T G, 
Habicht G S: "Isolation of the outer 
envelope from 9orreiia burgdorferi" 
Zentralbl Bakteriol Mikrobiol Hyq AAA 
Dec 1986, 263 (1-2) P 123-6 



- I 



Form PCT lSA.210 (eitra in««t) (January 1985) 



In.ern.nonai Aool^P No. PCT/DK 89/00248 — 



FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET 



V.l_! OBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHA BLE 

ThU ,„,.„,.,*„., ...reh „o.« M . no, „ blith . d ln ,.,„«, a , e<ft . |n el . lm . ^ ^ (<| ^ ^ 

UJj Cbm. numo.,. ,.5.2 ... o.c.u.. ,„.„ , 0 .ubj.e, *,.„., no, r.o.uir.d ,o b, m«m b , lw . Autho , ltr . 

Methods for treatment of the human or animal bodv bv 
therapy. u u y u y 



^ m!^7.L U T ,, 7 S * C ' U " "" , ,el,, * '° P,rt ' °' ""•"""•"•I •QOlle.tlon iimI do no, comol. .„„ th. o,.. 
m.nu ,o .ucn .n «,.nt tn„, no m..nln 0 l u . m«.m.,.on.l ..., c „ csn M Mt ^e,^" ' 



crlb«d r*quir»* 



CUmi rtomo*f* C*cau*a m«y trt 

PCT Rui« «.4<t). 



it dam* and art not 4raft«d in accordant* with tna Mcond and mird a«ni«noM of 



VI.H 0«8gWVAT.ONSWHERg UNITY 0* INVENTION IS LACKING * 



Thi. lnurn«tlon«l Searching Authority found muitloU Invention. In thit 



international application t« follow*: 



«~ r 



"-r;.; n ^rr,";^ — et . dto 

R#m«r* on Protest 

□ Th. addition.) .«rch f m war. accompanied by .oollcanft protut 

□ No orot.it accomoaniad th« paymant of addition.) »„ fCn (# «,. 



Form PCT/ISA/710 duooiamantal «n««t (2)) (January 1985} 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. PC T/DK89/00248 



This annex lists the patent family mcmhers relatine to the nafent document* eited in the nhove-mentioneri 



international searrh report. 



Patent document 
cited in search report 


Publication 
Hate 


Patent family 
memhcr(s) 


Publication 
date 


US-A- 4721617 


26/01/88 


NONE 





EP-Al-0252641 13/01/88 NONE 




o 



